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EXPERIMENTAL ANTICANCAR STUDIES. PART 13. 
ON THE STREPTOLYSIN-S-SYNTHETIZING AND ANTI- 
CANCER ACTIVITIES OF CELL-FREE EXTRACT 
FROM LIVING HEMOLYTIC STREPTOCOCCI* 


SABURO KOSHIMURA and SUSUMU SHOIN 
(Department of Chemistry, Research Institute of Tuberculosis, and Department 
of Pharmacology, School of Medicine, Kanazawa University, Kanazawa) 


It was previously reported from our laboratories that when tumor cells, such as 
Ehrlich carcinoma and Yoshida sarcoma cells, are brought into contact for a short 
time ir vitro with living hemolytic streptococci, appreciable amounts of streptolysin- 
S are produced”, and that the cocci, regardless of their virulence for mice, are 
possessed of a characteristic ability to affect tumor cells zz vitro and in vivo’, 

Since streptolysin-S itself proved to be entirely ineffective against tumor cells?’, 
and since well washed living hemolytic streptococci produce appreciable amounts of 
streptolysin-S when suspended in phosphate-buffered Ringer’s solution containing 
ribonucleic acid, it was supposed that the antitumor effect may be brought about 


mainly by interaction of the cocci and ribonucleic acid contained in the tumor cells. 
These results led us to the attempts for obtaining cell-free extract, having streptoly- 
sin-S synthetizing activity as well as anticancer property, from living hemolytic 


streptococci. 

Preliminary experiments, which were initiated in 1958? , showed that active factor 
is so thermo-labile that all the steps of extraction procedure must be carried out at 
temperature lower than 4°C, and that for rupturing the cocci use of alumina is far 
preferable than either sonic energy or any other mechanical breaking methods. 
Under controlling these and other conditions, we have succeeded in preparing bio- 
logically active cell-free extract from the living cocci and acetone powder of the 
extract also. 

While our work was in progress, there appeared two papers by Christensen et 
al.?.!%) on the anticancer experimet with phage-lysates of hemolytic streptococci, and 
two papers of Egami ei 7.1112) dealing with the formation of streptolysin-S by strepto- 
coccal protoplasts and also by streptococcal ghosts. 

The purpose of this report is to describe the extraction procedure of hemolytic 
streptococci, and to present the results of streptolysin-S-synthetizing and anticancer 


*This work was supported, in part, by a grant from the Scientific Research Grants of the 
Ministry of Education, Japan and by a grant from the Japan Anticancer Society Foundation. 
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experiments carried out with the cell-free extract and its acetone powder. 


PREPARA™ION OF CELL-FREE EXTRACT AND OF ITS ACETONE 
POWDER FROM STREPTOCOCCUS HEMOLYTICUS 


It was indicated by preliminary experiments that for obtaining biologically active 
extract from living hemolytic streptococci, all manipulations in the procedure must 
be carried out at below 4°C. The method, developed up to the present in our 
laboratories to obtain active cell-free extract and its acetone powder, is shown in 
Table 1. 

Table 1. Procedure for Preparing Cell-free Extract and Its 


Acetone Powder of Streptococcus hemolyticus 


11.2 liters of 18-hour broth culture of 
Streptococcus hemolyticus ‘‘S’’ 


a nn centrifuged (below 4°C) 


v 
Supernatant 











(discarded) Sediment (living cocci) 
7 re u washed three times with chilled 
ay physiologic saline 
Supernatant v 
(discarded) Sediment 
kept at -10°C 
Frozen cocci mass 
after rubbing with 24g alumina (WA 800) for 20 
minutes, mixed with 50 ml of chilled M/15 
phosphate buffer (pH 7.2). 
Centrifuged at 10,000Xg for 20 minutes (This 
BI procedure was repeated more two times) 
Precipitate Extract [=Cell-Free Extract (CFE)] 
(discarded) 
after addition of 600 ml of chilled acetone, 
= centrifuged 
マヤ や 
Supernatant Precipitate 
| atid in tates washed with chilled acetone and ether, rapidly 
| dried in vacuo 
Yellowish lipid-like Greyish-white powder [= Acetone Powder (EAP)] 
substance Yield: 3,087 mg 


Note: All these steps were carried out in cold room at 2-4°C. 


As may be seen from the table, the procedure consists of the following three steps: 

Preparation of the cocci mass in frozen state 

11.2 liters of the ordinary broth (pH 7.4) was distributed in 28 half-liter bottles, 
400 ml to a bottle, and all bottles of medium were planted at a time with 0.5 ml of 
24-hour broth culture of Streptococcus hemolyticus, ‘‘S’’,-strain, in the usual manner. 
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After incubation at 37°C for 18 hours, the cultures were chilled and centrifuged 
at below 4°C. The cocci harvested were washed three times with chilled physiologic 
saline, using 80 ml for each time. The mass of washed cocci thus obtained was 
immediately frozen in a tube, and kept at —10°C for a time. 

Preparation of cell-free extract 

About 11g of the frozen cocci mass, wet weight, was transferred to a cooled agate 
motor, and mixed well with 24g of dried alumina (WA 800) to yield a dry powder. 
After rubbing the dry powder with a cooled pestle in the usual way!? for 20 minutes, 
50 ml of chilled M/15 phosphate buffer (pH 7.2) was added. The whole milky mix- 
ture thus obtained was centrifuged at 10,000 x g for 20 minutes. The same extraction 
procedure was repeated twice more, and each extract was combined to the first 
extract, yielding a total volume of ca. 150 ml of thick oparescent, faintly yellowish- 
colored fluid, ice. Cell-Free Extract [CFE]. Culture and virulence tests for living 
hemolytic streptococci in the extract all gave negative results. (From the CFE, 10 ml 
was withdrawn and stored frozen until used for streptolysin-S synthetizing experi- 
ments.). 

Preparation of acetone powder 

To 140 ml of the cell-free extract, after being well cooled in an ice-bath, 600 ml 
of chilled acetone was added, and allowed to stand for several minutes. The 
amorphous precipitate resulted was collected by centrifugation, and after washing 
with chilled acetone and chilled ether, the precipitate was dried rapidly iz vacuo. 
Yield: 3,087 mg. 

This greyish-white powder, i.e. Acetone Powder [EAP]*, was stored in a desicator 
in the cold (2-4°C). 


SYNTHESIS OF STREPTOLYSIN-S BY CELL-FREE EXTRACT 
AND BY ITS ACETONE POWDER 


Materials : 

a) CFE.——The cell-free extract was used as it is. b) EAP solution.— 50 mg 
of acetone powder was dissolved in 5ml of basal medium. One ml of the EAP 
solution was heated at 56°C for 30 minutes (Heated EAP solution). 

a) and b) solutions were kept in an ice-bath. c) Basal medium (pH 7.2).—— 
This fluid consists of 675mg of maltose, 6 ml of 20% KH,PO, (adjusted to pH 7.0 
with NaOH), 12 ml of 2% MgSO,-7H,O and 66ml of distilled water. d) 10% 
Yeast ribonucleate.——200 mg of commercial yeast sodium ribonucleate (Merck) was 


*Analytical figures of the EAP were as follows: 


Total P y 26.6mg % Ninhydrin test (+) 
Total N \ 6.19mg % Orcinol test (+) 
Free N 0.15mg % Dische reaction (+) 
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Method : 


dissolved in 2.0 ml of physiologic saline. 





Five test-tubes, each containing different constituents of test system mixture, were 


set up: a) Experiment with CFE. 
RNA+1.0ml CFE. No. 2: 


Table 2. 


No. 1: 0.8ml Basal medium+0.2 ml 10% 


1.0 ml Basal medium 十 1.0 ml CFE. b) Experiment 
with EAP. No. 3: 0.8ml Basal medium 十 0.2 ml 10% RNA 十 1.0 ml EAP solution. 
No. 4: 0.8ml Basal medium + 0.2 ml 10% RNA + 1.0 ml Heated EAP solution. 


Streptolysin-S Synthetizing Activity of Cell-free Extract (CFE) 


and of Its Aceton Powder (EAP) from Streptococcus hemolyticus 


Test-tube No. 


Basal medium*, pH 7.2 (ml) 


test system 


Mixture of 


10% Sodium yeast 
ribonucleate solution (ml) 


CFE (ml) 
EAP solution (10mg/ml) 


Heated (56°C, 30 min.) 
EAP soltution (10 mg/ml) 


Further treatment 


of 


the mixture 


Dilution of supernatant 


ーー 


トー 


1 
1 
「 
1 
1 





Experiment with Experiment with EAP 


CFE 
1 2 5 3 4 : 5 
os | 10 | os | os | ro 
0.2 0.2 0.2 
1.0 1.0 ー = — 
1.0 ー 1.0 
| 1.0 


Each mixture was placed at 37°C for 2 hours, 
and then centrifuged. 





vy 
Clear supernatant 
| 


vy 
Titration for hemolytic activity 


Result of hemofysis test (read after 2 hours at 37°C) 


2 

4 

8 

16 

32 

64 
128 
256 
512 
1, 024 
2,048 
4, 096 
8,192 


Control (Without supernatant) 


Notes: ##=Completely hemolysis ; 


[675 mg 


TIT, ths, T 


tt +H ニュ tt 
HH tt tt 
Ht +H + 
HH + fr 
ttt tH 

44 ーー 

Ht = 

Ht = = 

+ 

+ 
-partial hemolysis; —=no hemolysis. 


maltose+6 ml 20% KH;PO, (adjusted to pH 7.0 with NaOH)+12 ml 2% 


MgSO,-7H,0 +66 ml distilled water] 
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No. 5: 1.0 ml Basal medium+1.0 ml EAP solution. 
All test-tubes were placed at 37°C for 2 hours to effect streptolysin-S synthesis. 
The contents of each test-tube were then thrawn on centrifugation (3,000 x g, 15min.) 


to obtain clear supernatant. 
The method for the estimation of hemolytic activity was the same as that employed 
To 1ml of serial dilution of supernatant, 1 ml of 1% 


usually in our laboratories™. 
Reading of the result was taken 


washed rabbit’s red cell suspension was added. 


after incubation at 37°C for 2 hours. 


Results 
As may be seen in Table 2, CFE, when tested in the medium containing yeast 


RNA, was effective in yielding supernatant with high hemolytic activity [minimum 
hemolytic concentration (M.H.C.)=1 : 256], while only trace of hemolysin [M.H.C.= 
Table 3. Behavior of the Hemolysin Contained in Supernatant 

against Heating and Trypan Blue 


Original Supernatant (SP) obtained by incubating a mixture of 


solution EAP, RNA and basal medium 
1 ml was diluted 1 ml was diluted with 1 ml was heated at 
と with saline serially. saline serially, and 100°C for 20 minutes, 
reatment of 9 en it DE 
don then to each dilution and then diluted 
original solu- es ri f ne : AEE 
e was added one drop of with saline serially. 


un 0.05% trypan blue 
solution. 
+ + v 
To each dilution was added 1 ml of 1% washed rabbit’s red cell 
and then placed in an incubator at 37°C for 2 hours. 


suspension, 


Y 


や 
Results of hemolysis test (read after 2 hours at 37°C) 
Sample ; ’ = 1 
ea SP SP+T SP heated 
Dilution 


128 
| 256 
wiz tt 
is 1, 024 
2 2,048 
Bs 1, 096 


ul 


Note : The hemolysis experiment was carried out in the absense (SP) or in the presence 


(SP+T) of trypan blue. 
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1 : 2] was produced by CFE in the medium without yeast RNA. In this respect, it 
is noticeable that EAP* was found to be preferable for obtaining supernatant of 
higher streptolysin-S activity [M.H.C.=1 : 2,048]. 

Treating at 56°C for 30 minutes resulted in a complete loss in streptolysin-S 
synthetizing activity of EAP. 

To be noted here is the fact that a small amount of hemolysin [M.H.C.=1: 16] 
was produced by EAP even in the medium without yeast RNA.——in this case the 
hemolysin may be regarded as being produced by interaction between streptolysin-S 
Synthetizing enzyme and ribonucleic acid, both present in the EAP sample itself. 

From the data presented in Table 3, it was shown that the hemolysin produced 
in the above-mentioned system is really streptolysin-S. 

Further experimental results bearing on the streptolysin-S synthetizing activity 
of EAP sample were as follows: 

1) Experiments, in which different quantities of EAP sample were added to the 
basal medium containing 1% yeast RNA, have shown that a considerable parallelism 
exists between the yield of streptolysin-S and the quantity of EAP (cf. Fig. 1). 


1:1,024 





Fig. 1. Yield of Streptolysin-S 
as a Function of Concentration of 
EAP 

The method was the same as that 


SUPERNATANTS 


employed in experiment of No. 3 
test-tube in Table I. 


The medium used for all these 


1:512 


experiments was, therefore, basal 
medium containing 1% yeast ribo- 


nucleate. 


ACTIVITY IN DILUTION OF 








HEMOLYTIC 








MG. EAP PER ML 


2) Experiments, in which effect of temperature on the streptolysin-S synthetizing 
activity of EAP sample was studied, have shown that the activity is so sensitive to 
heating that even by treating EAP solution at 45°C for 30 minutes there occurred 
complete inactivation (cf. Fig. 2). 


*Needless to say, more striking result was obtained by using RNase core instead of yeast 
RNA. 
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と 1:1,024 

& Fig. 2. Effect of Temperature on 
5 Streptolysin-S Synthetizing Activity 
2 of EAP 

: An aliquot of EAP solution was 
に pretreated for 30 minutes at tem- 
= 1:512 perature stated below. 

= Further experiment with the 
> | samples thus obtained was the same 
> as that employed in test of No. 3 
ら 1:256 4 —— ー test-tube in Table I. 

ii | 

En Pen Yo 

2 16 = 1 

\ 80 10 





TEMPERATURE IN °C 


ANTICANCER ACTIVITY OF ACETONE POWDER (EAP) 


Materials and Methods 

1) Animals: Male inbred mice of ddN strain, weighing 18-21 g, were employed. 
2) Ehrlich carcinoma cells suspension: Ascitic fluids were aspirated from tumor 
bearing mice, which had been before 9 days intraperitoneally implanted with Ehrlich 
ascites carcinoma, and centrifuged at low speed for 5 minutes. The cells sedimented, 
after being washed once with physiologic saline, were resuspended in an appropriate 
volume of the basal medium (pH 7.2). A tumor cell count was then made ina 
hemocytometer, and additional diluent was added to make a concentration of appro- 
ximately 7x10’ cells per ml. 

3) EAP solution: 500mg of EAP sample was dissolved in 10ml of the basal 
medium in the cold. An aliquot of the EAP solution was heated at 56°C for 30 
minutes. 

1) Anticancer experiment: The routine “ in vitro-in vivo method’ was employ- 
ed’. a) Implantation.——One and half ml of the carcinoma cells suspension was 
mixed with 5ml of EAP solution (or heated EAP solution) and 3.5 ml of the basal 
medium, and the mixture was incubated at 37°C for 1.5 hours. A 0.5 ml dose of this 
mixture was then injected intraperitoneally to each of 15 animals. At the same time, 
there was set up a control group; a mixture of 1.5 ml of the carcinoma cells suspension 
and 8.5 ml of the basal medium was allowed to stand at 37°C for 1.5 hours. A 0.5 ml 
dose of the control mixture (suspension of the carcinoma cells alone) was injected 
intraperitoneally to each of animals. 

b) Determination of results of the experiment.——Animals died in the course of 
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Table 4. 


2: 








Inhibitory Effect of Cell-free Extract (EAP sample) of Hemolytic Streptococcus on Invasion Power of 

Suspending mixtures: 

a) Group I animals A mixture of 1.5ml of Ehrlich carcinoma cells 
of basal medium was placed at 37°C for 1.5 hours. 

b) Group II animals A mixture of 1.5 ml of Ehrlich carcinoma cells suspension, 5 ml of the heated (56°C, 30 min.) EAP solution 
and 3.5 ml of basal medium was placed at 37°C for 1.5 hours. 

c) Group III animals——-A mixture of 1.5 ml of Ehrlich carcinoma cells 
for 1.5 hours. 

Implantation : 


Ehrlich Cells to Mice. 


suspension, 5 ml of EAP sloution (50 mg/ml) and 3.5 ml 


suspension 


and 8.5 ml of basal medium was placed at 37°C 


After incubation, a dose of 0.5 ml of the suspending mixture was injected into intraperitoneal cavity of each animal of respective groups. 


w ’r ot 
Exp Implantation 
jpTOuD | with death/test 


ar Is 


No tumor finding in 
carcinoma | 
| 


| Nos. 1301, 1302, 1304, 

cells 

z 1306, 1307, 1310, 1311, 
1313, 1315 and 1315 


animals 


Ehrlich 
m 


(Control) 


ılonc 











experiment were examined for the cause of death, and on the 60 th day after implan- 


tation animals still alive were all sacrificed and autopsied. 

Results 

The results of a typical anticancer experiment carried out with a sample of acetone 
powder (EAP), which was obtained by precipitating with acetone from cell-free extract 
of Streptococcus hemolyticus, are shown in Table 4. Attention may be here directed 
to the following points: 

1) All 15 control animals inoculated with tumor cells alone died of tumor invasion 
within 20 days. On the contrary, of 15 animals inoculated with tumor cells plus EAP, 
10 lived quite healthy even after 60 days, when all the animals were autopsied with no 
macroscopic tumor finding, 2 died of tumor invasion with survival period of more than 
33 days, and 3 died of unknown cause within 27 days. 

2) All the 15 animals inoculated with tumor cells plus heated (56°C, 30 min.) EAP 
died of tumor invasion within 13 days. This, when considered together with the 
fact that EAP sample itself proved to be very consistently effective in depriving the 
invasiveness of the carcinoma cells, constitutes strong evidence for the thermo-lability 


of the active factor(s) present in the EAP sample. 


SUMMARY 


Preparation of biologically active cell-free extract (CFE), as well as its acetone 
powder (EAP) has been achieved by grinding hemolytic streptococci with alumina 
under the controlled conditions of temperature and others. Both samples, CFE and 
EAP, were employed for streptolysin-S-synthetizing and anticancer studies, the results 
of which were as follows: 

1) When placed a mixture of EAP (as well as CFE) and yeast RNA at 37°C for 2 
hours, appreciable amounts of streptolysin-S were produced. 

2) Incubation of a mixture of EAP and Ehrlich ascites carcinoma cells at 37°C for 
1.5 hours caused a complete loss of invasion power of the carcinoma cells to mice. 

3) Treating at 56°C for 30 minutes resulted in a complete inactivation of the 


samples. 
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STUDIES ON THE MODE OF ANTICANCER ACTION OF RC4, 
A NEW ANTICANCER AGENT CONTAINING 
ETHYLENIMINO RING 
IV. QUANTITATIVES STUDIES ON THE STRUCTURAL 
CHANGES OF RC4 IN AQUEOUS SOLUTION 


MOTOHIRO MARUYAMA 


(Takamine Laboratory, Sankyo Co., Ltd., Tokyo) 


In earlier communications of this series studying the anaerobic glycolysis inhibiting 
action of RC4 and related agents! -?), such facts have been discovered as will suggest 
that the mechanisms of the glycolysis inhibition by ethyleneimines are remarkably 
similar to each other and that these agents display their activities after being converted 
to a certain common active form. Then spectrophotometric examination? on the 
correlation between the structural changes of RC4 and the revelation of its anti- 
glycolytic activity disclosed that such changes as cleavage of the ethyleneimino ring 
or formation of the hydroxyl radical and ether bond took place along with the 
increase in the inhibitory activity. The present report deals with the results of 


quantitative examination on the changes in these functional groups. 
MATERIALS 


RC4, o-RC4 and TEPA were provided by Dr. Genshun Sunagawa in our Laboratory, 
and were stored zz vacuo at 10°C. For examination of structural changes, a 10% 
aqueous solution of each, preserved at 2°C, was used. 


The Ehrlich ascites tumor cells, 7 to 9 days after transplantation in dd-mice 


(Hamamatsu Farm), were used. 
METHODS 


Estimation of the ethyleneimino ring: Allen and his associate’s method‘ was 
adopted with slight modification. After neutralizing the sample to pH 7, 50 m/ of 
20%, Na。S。O。 was rapidly poured, and N/20 HCl was added to the mixture to reduce 
the pH to about 4.0. (The quantity of HCl consumed: a ml.) A blank was run in 
the same manner on 50m/ of Na,S,O, solution without the sample. (The quantity 


In the present paper the following abbreviations are used: RC4=0, O’-p-phenylene-N, N’, 
N’, N’’’-tetraethylenetetraimidodiphosphate ; o-RC4= ニ 0, O’-o-phenylene-N-ethyleneimidophos- 
phate; TEPA=N, N’, N’’-triethylenephosphoramide : TEM=2, 4, 6-triethyleneimino-1, 3, 5- 


triazine ; E39=2, 5-bisethyleneimino-3, 6-propioxy 1, 4-benzoquinone. 
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of HCl] consumed: a’ m/). Thirty minutes later, N/20 NaOH was added to pH 7.0. 
The quantities of NaOH consumed by the sample and the blank being represented 
by b and b’ m/ respectively, the quantity of the NaOH due to the ethyleneimino ring 
of sample is (@-b)-(a’-b’) ml. By comparing this figure with that of alkali due to 
RC4 crystals, the quantity of the remaining ethyleneimino ring of the sample can 
be obtained. 

Estimation of hydroquinone:>) Ten m/ of ether and 5 m/ of HNO, (1 : 1) were 
mixed with 1 m/ of the sample, and the aqueous layer was separated. The ether 
layer was extracted three times with 8m/ of 5% NaOH and the aqueous parts were 
put together with the above mentioned aqueous layer. After being filled up to 50 
m/, the absorption was read at 420my. E,”,=110. Determinations obeyed the Beer 
law within the range of concentrations studied. 

Estimation of inorganic phosphorus: Takahashi’s method‘) which was an impro- 
vement on Martin-Doty’s method” was adopted. One m/ of 2% sodium molybdate 
was mixed with 1 m/ of 1.5N H,SO, and 4m/ of isobutanol in a glass-stoppered test 
tube, into which 1 m/ of the sample was added, and the tube was shaken vigorously. 
To 2m/ of the solvent layer were added 2m/ of 0.5% ascorbic acid and 1m/ of 
ethanol, and mixed. The mixture was let stand for about 40 minutes at 37.5°C, and 
the absorption was read at 700m, 

Estimation of the phenolic body: The following two methods were adopted. 

The diazo method :®’ One and a half m/ of ice cold 1% sulfanilic acid was mixed 
with 1.5 m/ of ice cold 0.5% NaNO。, and 5 minutes later 6m/ of ice cold NaNO, 
solution was added to the mixture. Five more minutes later the mixture was filled 
up to 50 m/ with ice cold water, and after being kept in an ice bath for 15 minutes, 
was put to use. Five m/ of 1.1% Na,CO, was mixed with 2m/ of the reagent, 1 
minute later the test solution was added to the mixture, and the mixture was filled 
up to 8m/ with water. The absorption was read at 500my:. 

Folin’s method :?°) To the sample solution was added the reagent C* of Folin’s 
phenol reagent to render the total quantity 10 m/, and 10 minutes later 0.1 m/ of the 
reagent E** was added. Exactly 5 minutes later, the absorption was read at 700my. 

For colorimetry, the Hitachi EPU II Spectrophotometer was employed. 

Estimation of primary amino nitrogen: It was determined by the nitrous acid 


method, employing volumetric Van Slyke apparatus!!’ (semimicro). 
RESULTS 
Changes of the Ethyleneimino Rings. Fig. 1 represents the resuls of estimation 


Reagent C: Prepared by adding 1 m/ of the mixture of 0.5% CuSO, and 1% tartarate to 
50 m/ of the mixture of 2% Na,CO, and 0.1N NaOH. 
Reagent E: Preparel by diluting Folin’s stock reagent to the final acidity of 1N. 
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of the remaining ethylenei- 











Increasing Degree of Inhibition 








mino rings of RC4 when RC4 100° 

aqueous solution was pre- 90F 

served at 2°C. In the period 2 er 「 

between the 14th and 28th & 1 

days of preservation when 2 50+ 

the anti-glycolytic activity of 必 40 ト 

its aqueous solution reached = 

its maximum,!’ 50 to 70% of 10 ト | ヶ 3 
ae ee ee > £6 8 10 12 14 16 18 20 22 24 26 28 30 days 
WP Fig. 1. Cleavage of ethyleneimino rings and 


Detection of Hydroqui- 


none. On the basis of the 


facts 


a short lag time, and that the activity in that period hardly varied with the con 
centration during preservation, the early change in the activity seems to be related 
to the hydrolysis of RC4. Therefore the hydrolytic reaction was examined first. 


A 
— 


-p-N -p-X 

0 i NS 0-PXx 
OH 

(1-1) 





ルプ て を 
ーー ニニ ー (2 
4, 
”” 
OH OH ) 
ae, 
| | 
OH 0 0 
0=P=( R )。 0=P ニ =( R ) 
of (I) (II) 
+ 
O=P=(R), O=P=(R), 
OH OH 
(II) 
Fig. 2. Scheme to show the hypothetical hydrolytic pathways of RC4 in aqueous solu- 


tion at low temperature. R is N<, 


-NHCH。CH。OH group. 
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change of glycolysis inhibiting activity of RC4 
or TEPA in aqueous solution at 2°C. 


that the change of glycolysis inhibiting activity of preserved RC4 solution had 


BR 
O=P<6OH 
OH 


(2 





NHCH,CH,OH or OH group; X is -N< or 
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O=PCoH 
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0 1 NJ 
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| || + HaNCH。CH。OH 
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possible pathways of hydrolysis of RC4, (1) to ® in Fig. 2 can be thought of. In 


order to find the main pathway out of those three, the variance of amount of the 


products in each pathway was compared with the variance of the glycolysis inhibiting 
activity of RC4. 

As the reaction proceeds along the pathway of 1, hydroquinone is to be formed. 
Detection was attempted with RC4 solution preserved for 0 to 40 days, the color 
intensity was not different from the reagent blank in any case. Even if the colored 
compound was solely due to hydroquinone, the formation rate would be under 0.05% 
of the theoretical value* and was negligible. 

Therefore, the existence of the hydrolytic pathway of 1) in RC4 aqueous solution 


is to be denied. 
Changes in Phosphoric Moiety. The characteristics of R in the scheme of Fig. 2 


was examined. 

As hydrolysis proceeds along the pathway of 2), a monophenolic body (I) and a 
phosphoryl compound (II) are formed. Since inorganic phosphorus should be formed 
if the P-N bonds of RC4 are completely hydrolyzed, the stability of the P-N bond 
in aqueous solution can be reversely estimated to a certain extent from the quantity 
of inorganic phosphorus which has been formed in RC4 solution. Then, inorganic 
phosphorus was estimated. The color intensity, obtained by Takahashi’s method? 
of the solution preserved for 0 to 40 days was not different from that of the reagent 
blank, or the formation rate would under 0.01% of the theoretical value. 

Furthermore ethyleneimine, ethanolamine and probably its polymerizing product 
are to be formed following the P-N bond cleavage. Then, primary amino nitrogen 
content in preserved RC4 solution was determined.!!! Since ethyleneimine should be 
hydrolyzed to form ethanolamine at this acidic experimental condition, it may be 
possible to deduce that the primary amino nitrogen content agrees with the degree 
of P-N bond cleavage. 

Table 1 shows the results of the above mentioned experiment. 

The determinants are represented by the ratio of the primary amino nitrogen 
content to the total nitrogen content of the sample solution. The reaction was allowed 
to proceed for 5 minutes and 15 minutes, respectively, on each sample. The determi- 
nants of the longer reaction time was higher on every sample except o-RC4 than that 
of the shorter reaction time. 

Although it was ascertained by infrared spectrophotometric Study that RC4 was 
unchanged in aqueous solution for some time after dissolving, a fair amount of the 
primary amino nitrogen was detected in freshly dissolved aqueous solution of RC4 
(hereinafter referred to as ‘fresh solution’). Hence, it is concluded that the ethyle- 


Theoretical value means in this paper the theoretical amount of the object when examined 


transformation proceeds completely. 
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Table 1. Primary amino nitrogen content of various agents estimated 
by volumetric Van Slyke nitrous acid method 


Detected value Corrected value | Cleavage 





( 22 ) (%) of 
Reaction Time N<] 
5mins 15mins 
ar b* c** (%) 
RC4 fresh solution SL 13.0 5mins: 6 





RC4 presewed solution 


9days’ solution 6.0 14.2 0.7 36 
19: 7 ク 13.7 18.6 10.5 54 
29 7 y 16.3 27 13.5 70 
‘i ef ク 21. 4 24.8 19,2 
alkali treated RC4 8.5 19.0 Le negligiblet 
o-RC4 fresh solution 51.9 51.9 
TEPA fresh solution | 11.6 24.6 
*a, b: percent ratio of primary amino-N to total-N at the reaction time of 5mins. and 15mins., respectively. 
c: computed from the correspondent estimated values by the following equation c=a-(b-a)f, where f is a 
correction factor and if estimated values of RC4 fresh solution are shown ag and b。 respectively, f is 
wes a ao 
given by 2 
0 一 30 
70% af ethyleneimino rings of RC4 fresh solution are opened at the acidic condition of this experiment. 
+ cleavage rate of ethyleneimino ring of RC4 is negligible at the condition of alkali treatment. 


neimino ring of RC4 was opened at first and then the P-N bond of the aminoethanol 
moiety thus formed was hydrolyzed to form ethanolamine in the course of the deter- 
mination. The following facts support this conclusion: About 70% of the ethyle- 
neimino rings of RC4 was opened immediately after dissolving in the reaction mixture 
of Van Slyke’s method. But the degree of the ring cleavage did not further increase, 
even if the reaction time was prolonged to 60 minutes, althogh the primary amino 
nitrogen content of fresh RC4 solution increased along with the course of the deter- 
mination. All of nitrogen of ethanolamine was output within 5 minutes of the reac- 
tion time. 

It is probable that the cleavage of the P-N bond proceeds also in the case of RC4 
preserved solutions. Then the determinants of them were corrected for the cleavage 
rate of RC4 fresh solution and the corrected values are shown also in Table 1. 

When the anti-glycolytic activity of RC4 solution reached its maximum, 10 to 13% 
of the P-N bonds were observed to be broken. Despite the anti-glycolytic activity 
of the solution preserved for 9 days had reached nearly its maximum,!) the P-N 
bond cleavage rate of it was only 0.7%. Hence it may be concluded that there is 
no correlation between the P-N bond cleavage and the anti-glycolytic activity. De- 
tailed examination on this point will be made later. 

Formation of the Monophenolic Body in Aqueous RC4 Solution. Preserving the 
RC4 aqueous solution at 2°C its pH was gradually reduced. PH of the 14-to-20-day 
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preserved solution, the anti-glycolytic activity of which was the highest of all was 
5.5 to 5.6. This probably is due to formation of I and II as the result of hydralysis 


proceeding along the pathway of @. 


Table 2. Color intensity of RC4* obtained by ‘Diazo Method’ and 
effect on its intensity with pretreatment by 1.1% Na。CO。. 








| Time to reach Soe Formation N: meh | Pi** 
| KON EEE | valent) rr avn formation | a 
| | (mg) = | * 
RC4 fresh (10) *** (0. 027) *** | (0. 20) *** | | 
solution 45 0. 130 0.95 "ie 0 
RC4 pretreated | | | 
Solution | | | | 
15mins. | 30 0.157 Le | 0 0 | 0 
By 30 ヶ 30 0. 180 1.35 | | 
ES 60 7 25 0. 188 1.41 | | 
S 120 ヶ 20 0. 247 1.85 0 41.8 
る 240 » 15 0. 285 2.13 | 
“hrs. | 10 0.293 re 1 o | o 
RC4 preserved | | | 
solution | 
5day's 30 0.140 1.03 | 215 0 | o 
10 7 | 5 | 0.092 | 067 | 400 | oO | 0 
30 7 5 0.090 | 066 | 700 | 0 | 0 


* Amount of RC4 added is 13.37mg (tyroSine equivalent) in each case. 
** Inorganic phosphorus 
*** These figures are the determinants ten minutes after begining of the color development 


im In order to clarify the role 






ei n NN | a SS of the pathway of @) in the 
served solution (7days’ hydrolytic transformation of 

0.600 7 2 RC4, estimation of I was 
0500 en en attempted. However, since 
ae there is no specific method 
to estimate a monophenolic 

0.300 F body, and the molar absorp- 
0.200 + tion tends to vary with the 
a structure, accurate estima- 
tion is least expected. 








0400 420 440 460 480 500 520 540 560 580 600 m Therefore semi-quantitative 


3 > examination was first at- 
Fig. 3. Absorption spectrums of colored solutions of 


RC4 and related compounds obtained by ‘ Diazo 
Method ’ tative methods. 


tempted by a few represen- 
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Detection of a phenolic body by the diazo method :*) The RC4 solution preserved 
at 2°C for 10 days or more developed color immediately after mixing with the diazo 
reagent. The color was stable for 2 hours after that, and the intensities of various 
preserved solutions were almost the same (Table 2). The rate of color formation 
in the fresh RC4 solution, however, is rather slow. Their absorption spectra are 
shown in Fig. 3. 

The quantity of I which had been formed in the solution was calculated as tyrosine 
equivalent on the assumption that the molar absorption of the colored RC4 solution 
is equal to that of tyrosine. As shown in Table 2, the value was rather low. While 
it seems to be unreasonable that a greater amount of I was detected in the fresh 
solution than in the preserved solution, it can be presumed that the extra quantity 
of I was formed in the course of color formation as will be explained below. 

The crystals of RC4 were dissolved in 1.1% Na。CO。, the basicity of which was 
equal to that of the colored solution, and were sampled and colored at certain inter- 
vals. It was discovered that the longer the time of pre-treatment, the faster the 
coloring rate and the higher the maximum color intensity (Table 2). Since the 
absorption spectrum of the colored solution derived from either alkali pretreated or 
non-pretreated RC4 belongs to the tyrosine type and closely resemble each other 
(Fig. 3), and the pre-treatment does not cause the cleavage of the ethyleneimino 
ring or formation of hydroquinone or inorganic phophorus (Table 2), it is supposed 
that the structure of I in the diazotized coupler is identical in both cases. That is 
to say, the sample which had not been pre-treated was slow in color formation be- 
cause it developed the color along with the progress of the hydrolysis by the basicity 
of the reagent, while the pretreated sample was faster since the hydrolysis had 
nearly reached an equilibrium. The reason why the maximum color intensity is 
raised by pretreatment was attributed to the instability of the reagent. On the other 
hand, while the color development of the preserved RC4 solution was fast, and its 
intensity did not increase by alkali-treatment, a part of the reason is that the phe- 
nolic body formation in the preserved solution had reached an equibrium, too. 

Detection of the phenolic body by Folin’s method: The results are shown in 
Table 3. It seems to be owing to the same reason as in the diazo method that a 
greater amount of I was detected in the fresh solution than in the preserved solution. 
Namely, in the case of the fresh solution, the formation rate of I increase as the 
time after addition of the reagent C is prolonged. Such a tendency was not so 
significant in the preserved solution, and no change was observed in tyrosine or in 
salicylate. Furthermore, since the preserved TEPA solution is colored with the 
phenol reagent, it is presumed that aminoethanol moiety can also give molybdenum 
blue. 

In each of the two estimating method hitherto stated, the aqueous RC4 solution 
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Table 3. Phenelic body estimated by ‘Folin’s Method’ in RC4 or TEPA aqueous 
solution and influence of standing time after addition of reagent C. 





Amount of addition | Phenol body detected | 人 
mg m. | os 
(tyrosine equivalent) | Tyvosine equivalent | 


の 





RC4 fresh solution 
Standing time 


10mins. 44.6 | 14.8 | 34.0 
20» ” 19. 0 43.6 
30 7 ” | 24.4 | 56.0 
60 7 , | 25.1 | 57.6 


RC4 preserved solu- | 
tion (47days’) | 


let stand 10mins ク | 8.5 19.5 
TEPA fresh solution 103 0 0 
9.7 


TEPA Preserved 7 7 10. 0 


gave a positive result. However, since the estimating condition was rather severe 
in any case, the possibility that I might have been formed in the course of the 
estimating process cannot be denied. It is presumable that the greater portion of I 
in the fresh solution was formed due to such a cause. However, since the preserved 
solution, though resistant to alkali, as will be stated below, quickly takes on a 
color by either the diazo or Folin’s method, it seems to be certain that I exists in 
the preserved solution. Its quantitative examination will be made in the following 
section. 

Changes of RC4 by Treatment with Acid or Alkali. Since the various color deve- 
lopment reactions employed for estimation of phenolic body display different molar 
absorptions with different structures of phenols, estimation cannot be satisfactorily 
achieved unless the phenolic body which is the object is isolated. On the other 
hand, the preserved RC4 solution may contain phenolic bodies of various types, and 
the ratio between them may differ with the length of preservation. Therefore ac- 
curate estimation cannot always be expected even if some of phenolic bodies are 
isolated. Hence, the following method was adopted to presume the formation rate 
of I, though it is but an approximation. 

Treatment with alkali: One m mole of RC4 was dissolved in 14 m/ of water and 
1 ml of N-NaOH, and was let stand at the room temperature (about 18°C) for 20 
hours. Treatment with acid: One m mole of RC4 was dissolved in 21 m/ of water 
and 4m/ of N-HCl, and was let stand at the room temperature for 1 hour. Treat- 
ment with alkali and acid: After treatment with the alkali, the sample was 
neutralized, and then treated with the acid. Treatment with acid and alkali: One 
m mole of RC4 was dissolved in 16 m/ of water and 4 ml of N-HC] and, after being 


let stand at the room temperature for 1 hour, 10 m/ of N-NaOH was added, and the 
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mixture was let stand for 20 additional hours. To supplement this series of experi- 
ment, samples of 27-day preserved solution, each 1 m mole (RC4 equivalent), were 
taken, and to each of them was added either 12m/ of water and 2m/ of N-NaOH 
(low-concentration treatment) or 14m/ of N-NaOH (high-concentration treatment), 
and the mixtures were let stand at the room temperature for 20 hours. 

After neutralizing each sample, estimation of ethyleneimino ring and inorganic 
phosphorus was conducted, and at the same time color development reaction of I 
was tested by the diazo and phenol methods. Assuming that the molar absorption 
thus measured was equal to that of tyrosine, the tyrosine equivalent value was 
computed, and its ratio to the theoretical value was taken as the formation rate of 
phenolic body. The results are shown in Table 4. In addition no hydroquinone was 


detected in any sample. 


Table 4. Change of functional groups of RC4 after treatment 
of alkali or acid or both combination. 





Exp. — (06 of phenol | Cleavage of | Pi*formation 
q bas. eh N rate 
No. Folin’s Method | Diazo Method (90) | (%) 
1 RC4 fresh solution 34.0 0.8 | 0 0 
| preserued solution 
| 18days’ 17.9 0.9 60 0 
| 46days' 19.7 1:0 70 0 
| RC4 crystal 
alkali treatment 94.3 8.2 negligible 1.48 
acid y 17.4 4.1 43.2 0 
alkali-cid 7 116.0 82.0 59.1 1. 97 
2 RC4 crystal 
acid taeatment 22.4 3.2 19.4 
acid-alkali 7 22.8 5.0 47.3 
RC4 preserved solu- 
tion 
23days’ 24.0 1 66.0 
alkali (lowconc.) 
treatment 29.8 2.9 
alkali (high conc.) 
treatment 186 14:2 67.0 


Pi* : inorganic phosphorus 


The alkali treated RC4 crystals gave, through the diazo reaction, a color intensity 
corresponding to the phenol formation rate of 8.2%. Increase in the concentration 
of NaOH merely intensified the color of the blank before diazotization, but not the 
color after diazotization. The amount of dissociating groups of the alkali treated 


RC4 is estimated to be 0.6m mole between 7 and 12 pH range on the basis of 
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the dissociation curve in Fig 4. II as well as I is formed by the pathway of @. 
The more concrete structures of II are from II-1 to II-3. The dissociating groups 
which form the cause of the curve of Fig. 9 may probably be the phenolic hydroxyl 
tadical of I, the hydroxyl radicals of II-1, II-2, and R and the third dissociating 
group of II-3.1213) Since the formation rate of inorganic phosphorus is 1.48% (0.03 
m mole), if the quantity of II-1 and II-2 are * and y m moles and that of R con- 
taining hydroxyl group is < m mole, respectively, an equation is given as 2x%+3y+2z 
=0.61—0.03 x 2=0.55 (1). If the quantity of I having its ethyleneimino ring intact 
is @ m mole, Q is given by x+9+0.03>Q>x+y+0.03—z. Since the P-N bond 
cleavage rate of the alkali treated RC4 is estimated 1.7% (Table 1), namely, y+z+ 
0.03 x 2=0.017 x 4, so that y+z=0.008 (2). Inserting (2) into (1), we get * 十 タテ 0。.27. 
Since z ranges from o to 0.008, it is computed that Q varies between 0.293 to 0.301. 

















It is concluded that about 0.3 0 
m mole of I having ethylenei- 4 
‚at 
mino ring intact is formed from 
1 m mole of RC4 with the alkali 0.47 
treatment, and consequently that = ost 
‘ a = Blank curve 
the molar absorption of the co- に 
5 08 
lored Solution obtained by the = u 
: : 6 2 \ 2 Titration curve 
diazotization of this phenolic ~~ 2 
body is about 27% of that of ar | 
tyrosine. Dissociation curve 
1 \ 1.4} en 
The solution treated with the EIER RE 
f of RC4 crystal 
alkali and acid was given by the 1.6} 
diazo reaction a color approxi- ist 
mately 10 times as strong as the 
20 L = 
alkali-treated solution was. This 人 
phenomenon cannot reasonably PH 
be explained, even assuming Fig. 4. Titration for alkali treated RC4 by 
that the hydrolysis had been N-HC1 after adding 1 ml of N-NaOH 


accomplished completely with HCl and theoretical amount of Iwas formed. Further- 
more, as will be explained blow, this assumption is improbable since hydrolysis of 
the P-O-C bond belonging to the ring opened RC4 is very difficult to occur. 

After all it can be explained without contradiction by assuming that: when almost 
half of the ethyleneimino rings are opened by treatment with HCl, the molar absorp- 
tion of I given by the diazo reaction is greatly increased, up to approximately 10 
times that of the ethyleneimino rings intact, or about 2.7 times that of tyrosine. 

In addition, the quantity of phenol formed in the acid treated RC4 solution was 
calculated smaller in Folin’s reaction and larger in the diazo reaction than the non- 
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treated solution. These results indicate that the quantity of I which is formed in 
formor solution is really very small. That is to say, since the quantity is very 
small, Folin’s reaction gives a low intensity of color, while the color intensity given by 
the diazo method is considered higher because in almost all of the phenol which has 
been formed the half of its ethyleneimino rings are opened. 

Even when the product due to the acid treatment was treated further with the 
alkali 6 times as much as the amount applied in the alkali treatment, the intensity 
of color given by the diazo and phenol methods were hardly higher than before the 
treatment. The alkali even 60 times as much as the usual quantity gave only a 
slightly higer intensity of color. A similar phenomenon was observed when the 
preserved solution was treated with NaOH. These facts indicate that, when the 
ethyleneimino ring is opened, hydrolysis of the P-O-C bond becomes extremely diffi- 
cults. Since the ethyleneimino ring is rapidly opened at the condition of the acid 
treatment, the subsequent formation of phenolic compound may be obstructed. 

As compared with estimated value of phenolic body obtained by the diazo method 
on the product of the alkali-acid treatment, the formation rate of I in the solution 
treated with HCl is presumed to be 1.5% of the theoretical value. Judging from 
these results, the molar absorption by Folin’s reagent, in case of I whose ethylenei- 
mino ring is intact, is considered about 3 times that of tyrosine, and in case of the 
ethyleneimino ring being opened, the color development by aminoethanol moiety is 
supposed to be added. 

In order to presumed the quantity of I formed in the preserved solution, 27-day 
preserved solution was treated with NaOH. Application of the alkali even twice as 
much as the usual amount hardly affected the color development characteristic of 
the solution. It was only by treatment of 14 times as much NaOH as the usual 
quantity that increased the color intensity given by the diazo and Folin’s methods. 
As will be stated below, a fairly large portion of the ethyleneimine moieties of RC4 
in the preserved solution is considered to be polymerized mutually with ether bonds. 
Furthermore, it was already pointed out that the structure of the ethyleneimine 
moiety may possibly affect the color intensity given by the diazo method to a con- 
siderable extent, and it seems to be due to this reason that the color intensity of 
the alkali treated preserved solution through the diazo reaction is markedly lower 
than the intensity expected from the color given by Folin’s method. 

Since the alkali treatment does not cause cleavage of the ethyleneimino ring, 
increase in the color intensity given by Folin’s method is presumed to be owing to 
the increase of I. Judging from the color intensity given by Folin’s method, the 
quantity of I formed in the treated solution is presumed as about 48% of the 
theoretical value. Therefore, the quantity of I before the treatment is calculated to 
be 3.0% on the basis of the value obtained by the diazo method. 
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Namely, the pathway of ② in Fig. 2 is comparatively difficult to occur, and the 
greater part of RC4 molecules is considered to undergo a change by way of ®. 

The following presumption can be derived from the above stated results. The acid 
treated RC4 gives a product approximating III, whereas treatment with NaOH forms 
I with its ethyleneimino ring intact. Combination of the two ways of treatment 
gives I with its ethyleneimino ring opened. Therefore it may possibly be determined 
whether the real cause of the inhibitory activity is I or III by examining the-glycolytic 
activity of the products of the above mentioned treatments. 

Anti-glycolytic Activity of RC4 treated with Acid or Alkali. The conditions of 
treatment were conformed to Table 4. Measurement of the inhibitory activity against 
anaerobic glycolysis of the ascites tumor cells was conducted by the ordinary 
method.! 2 The solution of RC4 properly treated was put into the side arm with 

glucose, and was tipped into the 

on まっ main compartment after a tempera- 

w 『 ture equilibration. The results are 
10-10: mir shown in Fig. 5. 

| The inhibitory activity of RC4 

treated with NaOH was exceedingly 

weak, and hardly regarded as stron- 








ger than that of the fresh solution. 
On the other hand, the inhibitory 
“0 10 20 30 40 50 60 70 80 90 100110 120 mins activities of the acid-treated and 











Fig. 5. Anaerobic glycolysis of Ehrlich ascites alkali-acid-treated solutions were 
tumor cell incubated with various concentrations very strong, the two being approxi- 


f treated RC4 solutions. Letters in Daren- : 
of pretreate solutions etters in paren mately equal, and slightly exceeded 


thesis are as follows. F: fresh solution; P: 


EN っ _ 
preserved solution (12 day’s); Al: alkali treat- the activity of the 12-day preserved 


ed solution; A: acid treated solution; Al-A: solution. 

Alkali-acid treated solution. These results suggest that the 
phenolic type is not related to the activity, and also that the structure of III is not 
always the cause of the activity, but that the cleavage of the ethyleneimino ring and 
or P-N bond reveals the activity. Hence, it was examined which was the principal 
transformation in regard to the activity appearance. 

As indicated in Table 1, while a certain part of the ethyleneimino rings was im- 
mediately opened when RC4 was treated with acetic acid-nitrous acid mixture, the 
cleavage rate did not increase even if the reaction time was prolonged. On the 
other hand, the cleavage rate of the P-N bond increased along with the lapse of 
time, so that the bond cleavage rate of RC4 which was treated with the mixture for 
15 minutes was about 2.7 times of that of RC4 treated for 5 minutes. Therefore, if 
the broken bond type is a active one, 15 minutes-treated RC4 must be about 2.7 
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times as active as the 5 minutes-treated RC4 is. On the contrary, if the activity is 
due to the opened ring type, since its content of the 5 minutes-treated RC4 is larger 
than that of the 15 minutes-treated RC4, the activity of the former must be higher 


than that of latter. The results are 














shown in Fig. 6. be 

Since the activity of the 5 minu- ™ aaa 
tes-treated RC4 was slightly higher, iia 
it is concluded that the appearance 
of the activity is derived from the ook た 6.70x10*M RC4 
cleavage of the ethyleneimino ring, | ニニ レニ レレ 
It seems that, because the hydroly- ‘a ンー ニニ 1.3410°M RC4 
sis along the pathway of @) is diffi- ee 2.68 x103M RC4 
cult to occur in the aqueous solution , 
as already stated, IV or its polymer 0 10 20 30 40 50 60 70 80 90 min 
plays the principal role on the gly- Fig. 6. Effect of RC4 which was pretreated with 
colysis inhibition. aqueous acetic acid for 5 minutes (solid line) 


In order to ascertain whether this or 15 minutes (dotted line), on anaerobic gly- 


presumption generally hold true, the SN 


the following experiment was conducted on TEPA. 


Table 5. Inhibitory activities of TEPA solutions suffered with various treatments. 


Inhibition of glycolysis % 


Cleavage of N 


mM 60-90mins after begining 
‘ of reaction 
Fresh solution | 49.6 0 100 
24.8 45.8 
12.9 12.1 
preserved solution 
9days’ 10.0 15.0 97.7 
3. 33 72:1 
211 17.6 
3ldays’ 49.6 31.1 100 
29.8 97.8 
19.9 312 
0. 2N-HCI treated 
solution 12.9 37.4 100 
6.5 86.9 
3.2 8.5 
0.5N-HC1 treated 
solution | 6.5 55.6 98.3 
wae 95. 6 
1.6 | 755.2 
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TEPA crystals, each 1 m mole (161mg), were dissolved in either 0.32 m mole 
(1.61 m/.) of 0.2 N HCl (low-concentration treatment) of 3 m mole of 0.5 N HCl 
(high-concentration treatment) and, after being let stand at the room temperature 
of about 10°C for 2 hours, were neutralized; then the ethyleneimino rings were 
estimated, and at the same time the anti-glycolytic activity was measured (Table 5). 

Whereas the activity of the preserved solution is stronger than the fresh solution, 
the solution treated with HCl is still more so. The more the ethyleneimino rings 
are opened, the stronger is the activity. 

The aforementioned presumption is also applicable to TEPA. 

In addition, while o-RC4 displays a strong anti-glycolytic activity immediately after 
dissolving,’ it was confirmed that about 90% of tne ethyleneimino rings are opened 
at that time. Therefore the characteristics of o-RC4 can be reasonably explained 
by admitting the above stated supposition. 

A higher order reaction taking part in the variation of the antiglycolytic activity. 
All the changes hitherto examined are first order reactions. However, as it is pre- 
sumed that a higher order reaction takes part in the rate determining step of the 
variation of the anti-glycolytic activity,3) the pathway of @) in Fig. 2 should be 
slightly modified in consideration of this factor. While it was presumed that the 
anti-glycolytic activity revealed itself along with the cleavage of the ethyleimino 
ring, it is difficult to completely explain the appearance of the activity merely by the 
cleavage of the ring, because the cleavage is still progressing even while the activity 
remains unchanged after its activity has reached the maximum (Fig. 1). 

Now, if it is supposed that, when the aminoethanol moiety formed by the ring 
cleavage is polymerized with the intact ethyleneimino ring, the activity is further 
intensified, and when the polymerization exceeds a certain degree, the activity lowers, 
everything can be explained without contradiction. Similar reaction has been con- 
firmed with some ethyleneimines.'!’ Namely, until 10 days after dissolution of RC4, 
activating-, and after 1 month, inactivating-polymerization mainly takes place. Be- 
tween the 14th and 28th days when the maximum activity is being reached, activation 
and inactivation are considered to be in a state of dynamic equilibrium. 


It is regarded that this polymerization reaction determines the rate of the activity 
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Fig. 7. Scheme to show the hypothetical mechanism of condensation. 
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variation and constitutes the cause of the ether bond observed on the infrared 
spectrum.) Therefore it would be more proper to represent the active form of RC4 
by the product of a polymerization reaction as shown in Fig. 7 than to represent it 
by IV. That is to say, VIII or higher polymer may act the principal role in the 
glycolysis inhibiting action of RC4. 


DISCUSSION 


In the previous report,! it was discovered that there are two different types of 
RC4 and related agents; one group, including o-RC4, immediately displays vigorous 
activity on anaerobic glycolysis or alkaline phosphatase at the time of dissolving, 
while the other group, such as RC4 or TEPA, is very weak in such an activity. It 
was also observed that the activity of the latter group is intensified by preserving 
its aqueous solution at 2°C and eventually equals the former group. Hence, it was 
presumed that the difference in the glycolysis inhibiting characteristics of ethylenei- 
mines was merely a disparity in the velocity of the variation toward an active form. 

The data in the present report has provided this presumption with supporting 
facts. It has been confirmed that, in RC4 or in TEPA, the anti-glycolytic activity 
reveals itself along with the cleavage of the ethyleneimino ring. It has been inferred 
that revelation of a strong activity by o-RC4 even immediately after dissolving was 
not irrelevant to the cleavage of about 90% of its ethyleneimino rings upon dissolving. 

It was reported by some workers that a fairly strong anti-glycolytic activity was 
observed in TEM! or in E39,16.17) but this activity was intensified under an acid 
condition.!”18) It was also observed by Bullock that the inhibitory activity of TEM 
against acetyl-cholinesterase was stronger on the acid side.'®) It can well be imagined 
that, since the cleavage of the ethyleneimino ring very rapidly proceeds on the acid 
side, the ring cleavage of such agents may takes part in the above mentioned activities. 

Holzer and his associates!®) assumed that the anticancer action of E39 or related 
ethyleneimines derives from its inhibitory action against anaerobic glycolysis. 
Examination of RC4 with the Ehrlich ascites tumor cells, however, has disclosed 
that the anti-glycolytic activity has nothing to do with the anticancer effect of RC4.? 
Namely, it was confirmed that the anticancer effect of preserved RC4 solution which 
had a strong anti-glycolytic activity was much lower than that of the fresh solution 
which was much weaker in the anti-glycolytic activity. That is to say, the glycolysis 
inhibiting action of RC4 is intensified along with its inactivating transformation. 

Although the phenomenon of RC4 to acquire such characteristics as anti-glycolytic 
activity has hitherto been called ‘‘ activation,’’ it is obvious, by the above stated 
reason, that this expression is improper and such a phenomenon should rather be 
called ‘‘inactivation.’’ Furthermore, because the characteristics of the glycolysis 
inhibition seem to be common to ethyleneimines, a possibility exists that the above 
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mentioned conclusion is applicable to the cases of other ethyleneimines. 


SUMMARY 


The correlation between the structural change of RC4 and the variation in the 
anti-glycolytic activity was examined by quantitative analytical method such as 
colorimetry or titration, and the following results were obtained. 

The antiglycolytic activity of RC4 is intensified with the cleavage of its ethylenei- 
mino rings. It is presumed that polymerization between the aminoethanol moiety, 
which has been formed by the ring cleavage, and the intact ethyleneimino ring 
increases the activity. Whereas it was inferred in the previous report that the rate 
of the activity variation of RC4 is determined by a higher order reaction, the above 
mentioned polymerization reaction seems to correspond to this. 

It is also presumed that the revelation of the anti-glycolytic activity of o-RC4 or 
TEPA is also influenced by the cleavage of the ethyleneimino ring. 

I am indebted to Drs. Masao Uchida and Kazuo Nakanishi for their helpful criticisms, and to 


Mr. Masaya Suehiro for his valuable discussion. 
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FURTHER STUDIES ON CHEMOTHERAPEUTIC TESTS USING 
PULMONARY TUMOR FORMATION BY INTRAVENOUS 
INJECTION OF CANCER CELLS 
(With Plates XXII and XXIII) 


YUZO HAYASHI, YASUHIKO SHIRASU and FUMIKO FUKUOKA 


(Cancer Institute, Japanese Foundation for Cancer Research, Tokyo) 


A previous paper (Aoki and Fukuoka, 1959) from this laboratory reported a suc- 
cess in producing the intrapulmonary growth of Ehrlich carcinoma cells by the inocu- 
lation into the tail vein of mice and also some attempts to test the effect of some 
of the known anti-cancer chemical agents on the formation of these “artificial 
metastases.”’ In these experiments, the test chemotherapeutics were intraperito- 
neally injected to the animals, yielding no conclusive results. It was assumed that 
a more definite results may be obtained if the administration of the chemicals was 
made through intravenous route. 

The present study was made primarily in order to determine the correctness of 
this assumption, and further to evaluate this experimental system as a method to 
test the preventive effect of chemicals on the formation of the blood-borne cancer 
metastases. 

In this paper will be described and discussed 1) an improved method for this ex- 
perimental system, 2) the histopathological feature of the “artificial pulmonary 
metastases ’’ and 3) the data of the tests with some of the known anti-cancer chemical 


agents. 
MATERIAL AND METHODS 


Male mice of dd-strain were used. They were all 6 week old and initially weighed 
around 22g. Throughout the experiment, the intravenous inoculation of Ehrlich 
carcinoma cells was performed in the following way: 1) he non-hemorrhagic 
carcinoma ascitic fluid was aseptically aspirated from a mouse, 9 days after the 
intraperitoneal inoculation, and was so diluted with physiological saline that its cell 
count was 20million/ml. 2) 0.05 ml of the diluted tumor ascites, corresponding to 
1 million tumor cells, was injected into the tail vein under nembutal anesthesia into 
each mouse. After repeated preliminary tests, this amount of the inoculation was 
established to be a suitable does for our purpose. 

The experiments were carried out in the following two series: 

Exp. I: 70 mice were killed at various intervals from the time of the inoculation 


to the 20th day. In each case, three parts of the whole lung tissue were examined 
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histological with serial vertical paraffin section. 

Exp. II: The following chemical agents were tested: Nitromine (2 mg/kg), Thio- 
TEPA (3.4 mg/kg), Mitomycin C (0.5 and 1.0 mg/kg), 6-carboxy-4-nitroquinoline N- 
oxide (25, 50 and 125 mg/kg) and Endoxan (10, 15, 30 and 50 mg/kg). Each substance 
was dissolved in physiological saline. The administration was made by the injection 
into the tail vein. The injection was started 24 hours after inoculation of the cancer 
cells and continued daily for the five consecutive days. The control animals were 
intravenously injected with physiological saline. 

The effect of the test-substance was evaluated by comparing the survival of the 
treated animals to that of the control animals. All the mice were autopsied and 
checked as to the gross findings of the lung. Some mice with marked cancerous 
involvement of the gluteal and thigh regions were excluded from consideration. 


PATHOLOGICAL FINDINGS OF THE BLOOD-BORNE INTRAPULMONARY 
GROWTH OF EHRLICH CARCINOMA CELLS (Exp. J). 


Gross: No tumor was recognized in the lungs of the mice killed during the first 
five days after the intravenous injection of tumor ascites. Small tumor nodules (ca. 
0.5mm in diameter) were first noticed in one of the five animals on the 6th day. 
All of the ten mice examined on the 9th to 14th day showed multiple tumor nodules 
of up to the miliary size in the lung. On the 20th day, each tumor nodule was found 
to have grown up to over rice grain in size, and about one-third of the entire pul- 
monary tissue came to be replaced by tumorous element. Severe hemothorax ap- 
peared in one case. 

Histological: The lung examined immediately following the inoculation showed 
numerous cancer cell emboli in the alveolar capillaries and occasionally in the bifur- 
cation of arterioles. These, at most, consisted of isolated single cell or small cancer 
cell aggregates. The embolic cells well maintained their nuclear details at this earli- 
est stage. 

The growth of the cancer cells was notably absent during the first 2 days. The 
marked histological findings during this period was the focal atelectasis associated 
with a moderate congestion and leucocytic exudation. A trace of fibrin also could 
be noticed there. Occasional acinar bleeding was seen in some case. The majority 
of the embolic cells became obscure as to their nuclear details with frequent appear- 
ance of karyorhexis and pycnosis. 

A minute focus of growth of the cancer cells could be demonstrated on the 3rd 
day, and the extra-capillary invasion was suspected. Discrete cancerous foci showing 
a marked extension beyond the vessels, were noticed in the lung of all five mice 
killed on the 5th day. These appeared to be small clumps of cancer cells, penetrating 


the capillary wall and extending down along the perivascular space. 
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On the 9th day, all of five mice showed multiple tumor nodules in the lung, some 
of single acinar size, usually growing around the arterioles. Small nodules were also 
frequently observed at the subpleural region. 

On the 20th day, these tumor nodules were demonstrated to have grown extensively, 
many over rice grain in size, compressing the surrounding alveolar structure. In 
some lobes, they became confluent with each other and were seen to replace the 
most part of the normal tissue. The central necrotic foci appeared frequently there. 
In the pleura, the tumor nodules exhibited outward growth, destroying the elastic 
fibers. 


THE EFFECT OF SELECTED ANTI-CANCER CHEMICAL AGENTS (Exp. II). 


At autopsy, all the mice showed multiple large tumor nodules in the lung. The 
cancerous involvement of the lung was extensive enough to be considered as a direct 


cause of death of the animals. The survival days of the mice were shown in Charts 
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の 3 gad 4; 

1. Control groups: In the control groups of the lst, 3rd and 4th sets of the ex- 
periment, the survival of the animals ranged from 14 to 25 days. Extending beyond 
this range, five of the ten animals in the 2nd set (Chart 2) survived from 28 to 47 
days. 

2. Treated groups: In the first set (Chart 1), a significant extension of life was 
noticed in the groups treated with Mitomycin C, Thio-TEPA and 6-carboxy-4-nitro- 
quinoline N-oxide. All of the mice treated with Nitromine died earlier than the 
control group, due undoubtedly to the toxicity. 

In the second set (Chart 2), no definite difference of survival was noticed among 
all the groups. There could be observed a slight tendency to survive longer in the 
group treated with 6-carboxy-4-nitroquinoline N-oxide in a does of 50mg/kg. An- 
other group treated with 6-carboxy-4-nitroquinoline N-oxide in a dose of 125 mg/kg, 
which was not included in the chart, succumbed in the earlier days due to its toxicity. 

In the 3rd set (Chart 3), a slightly significant extension of the survival days was 
observed in the groups treated with Mitomycin C. The survival days of the Nitro- 
mine-group remained in the range of the control group. 

In the 4th set of the experiment (Chart 4), the groups treated with Endoxan in 


doses of 30mg/kg and 50 mg/kg, showed a slightly significant prolongation of life 


comparing to the control group. 
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DISCUSSION 


In the present study, it was well demonstrated that the intravenous inoculation of 
a certain amount of Ehrlich carcinoma cells (1 million/mouse) could produce the in- 
trapulmonary growth with completely predictable incidence and kill the animals in 
a relatively definite period. The histopathological examination revealed the formation 
of the tumor nodules in the lung as a definite process starting from capillary embo- 
The extensive growth of the tumor cells was noticed after the perivascular 
invasion. This is quite corresponding to the results by Warren-Gates (1936), Baserga 
(1955) and Kinsey (1960) using other strains of transplantable tumor, and is assumed 


lism. 


to be a process similar to the natural hematogenous metastases. A noticeable histo- 
logical finding, namely, the intravascular disintegration of the embolic tumor cells, 
has been reported by several authors to be a characteristic findings both in the ex- 
perimental and human materials. 

According to these facts, it may be possible to say that the present experimental 
system can be used as a method to test the preventive effect of chemicals on the 
formation of the blood-borne cancerous metastases. The postinoculation survival of 
the animals may be regarded as a simple and suitable criterion for the evaluation of 
the experimental results. 

In the present study, all the mice of either treated or control groups died with 
extensive cancerous involvement of the lung. The survival period of the treated 
groups was not conspicuously prolonged over that of the control groups. Only a 
slightly significant extension of survival days was noticed in the groups treated with 
6-carboxy-4-nitroquinoline N-oxide, Thio-TEPA, Mitomycin C and Endoxan. 

Contrary to our results, a marked preventive effect of some known anti-cancer 
chemical agents on the lymphogenous metastases of a transplantable hepatoma in 
C3H mice has been reported by Sato (1957). His results, however, may not be directly 
comparable with those of present study, because of the quite different experimental 
conditions. 

Recently, Kramer ei al. (1958) have reported a definite preventive effect of Thio- 
TEPA on the experimental pulmonary metastases of S91 Clodman melanoma. Accord- 
ing to them, the effect of Thio-TEPA was noticed at the maximum when the administ- 
ration was made 48 hours after inoculation of the tumor cells, and it diminished by the 
administration prior to or after this 48 hours peak. They have also reported the 
ineffectiveness of the same chemical in the prevention of pulmonary metastases in 
Walker carcinoma and V, carcinoma. 

From these facts, it seems justifiable to say that the growth of blood-borne cancer 
cells may be more difficult to be suppressed by chemotherapeutics than the more 


conventional types of tumor implants. Cancer chemotherapy should be directed to 
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the treatment of the wide-spread growth of the tumor, and from this point of view 
the present method may be considered as a new challenge to the more advanced study 


of experimental cancer chemotherapy. 
SUMMARY 


Our preliminary studies on the use of pulmonary tumor formation by intravenous 
injections of cancer cells for chemotherapeutic tests have been extended. With 
Ehrlich ascites carcinoma the standard dose for a predictable positive tumor forma- 
tion was established to be about one million cells, and by detailed histological ex- 
amination of the lung at various intervals after the intravenous inoculation, the 
events leading to the formation of pulmonary tumors were demonstrated to resemble 
very closely those of the natural tumor metastasis formation. 

Intravenous injections of several known anti-cancer chemotherapeutics, however, 


‘ 


failed to markedly inhibit the formation of these “artificial lung metastases ", at 
least in the dosages tested by us, which indicated that the suppression of intrapul- 
monary growth of blood-borne cancer cells may be far more difficult than that of 


intraperitoneal or subcutaneous cancer transplants. 
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EXPLANATION OF FIGURES (Plates XXII and XXIII) 


Fig. 1. Capillary embolism of tumor cells in the lung, immediately following an intravenous 
inoculation of Ehrlich ascites carcinoma. 

Fig. 2. A minute focus of cancer cells in the lung, on the 4th post-inoculation day. The ex- 
tension of cancer cells beyond capillay wall is noted. 

Fig. 3. A small tumor nodule growing around an arteriole, on the 9th post-inoculation day. 

Fig. 4. Cancerous involvement of the pleura, on the 14th post-inoculation day. 

Fig. 5. A well developed cancerous nodule in the lung, on the 20th post-inoculation day. 

Fig. 6. The lung of a mouse killed on the 20th post-inoculation day, with multiple tumor 
nodules. 

Fig. 7. The lung of a mouse died on the 25th post-inoculation day. An extensive cancerous 


involvement can be seen. At autopsy, severe hemothorax was noticed. 
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HEMATOLOGICAL EFFECTS OF 6-CARBOXY-4- 
NITROQUINOLINE N-OXIDE 


YASUHIKO SHIRASU, YUZO HAYASHI and FUMIKO FUKUOKA 


(Cancer Institute, Japanese Foundation for Cancer Research, Tokyo) 


The anti-cancer action of quinoline derivatives has been extensively studied in this 
laboratory. 4-Nitroquinoline N-oxide, one of these derivatives, was shown to have a 
marked anti-cancer activity, especially against Ehrlich ascites carcinoma in mice. It 
was also found that 6-carboxy-4-nitroquinoline N-oxide, a water soluble derivative 
of 4-nitroquinoline N-oxide, is also effective in anti-cancer action with less toxicity. 

It is a well-known fact that many types of anti-cancer drugs produce leukopenia 
in the peripheral blood due to their depressing effects on the hematopoietic systems. 
These adverse hematological effects of anti-cancer drugs are the greatest hazard in 
the practical chemotherapy. From this point of view some investigations were carried 
out with regard to the hematological effects of 6-carboxy-4-nitroquinoline N-oxide. 


MATERIAL AND METHODS 


Male mice of dd strain, all five week old, were used. 

Potassium salt of 6-carboxy-4-nitroquinoline N-oxide dissolved in physiological 
saline was given intravenously into the tail vein of the animals throughout the pre- 
sent studies. 

Two sets of experiments were designed for the examination of hematological effects 
of 6-carboxy-4-nitroquinoline N-oxide. The hematological examinations were carried 
out 1) following a continued administration of this chemical in a therapeutic dose, 
and 2) following a single administration in a larger dose. In the first experiment 
hematological examinations were performed 24 hours and 8 days after the end of the 
treatment, in which the chemical was given intravenously daily for five days in two 
doses, 25mg and 50mg/kg. In the second experiment hematological studies were 
made 2 and 4 days after a single administration of chemical in a dose of 250 mg, 
which is near its maximum tolerance dose. Each group consisted of 5 mice, and 
they were used only once for blood cell counting. 

Blood was obtained by cutting the tip of the tail with scissors. Both total white 
and red cell counts were determined in the usual manner. Smears of peripheral 
blood were stained with a modified May-Giemsa stain for differential counts. 

Several mice of each treated group were Sacrified and the liver, kidney. spleen, 
mediastinal and mesenteric lymph nodes, sternum and femur were removed for his- 
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tological studies. These tissues were fixed in 20% neutral formalin and stained with 
hematoxylin and eosin. 

Toxicity test was carried out at the doses ranging from 280 mg to 380 mg/kg in a 
20 mg interval, using 10 mice for each dose. The chemical was given intravenously. 
The observation period was 10 days. LD;, was calculated following the Van der 
Waerden Method. 


RESULTS 


Acute toxicity of 6-carboxy-4-nitroquinoline N-oxide. The results of toxicity test 
are presented in Table 1. Fatal cases succumbed in a shorter time after the ad- 


Table 1. Toxicity Test expressed in the ratio of number 


of death over total number of mice. 











Time after injection Doses: mg/kg (injected intravenously) 
280 300 320 340 | 360 | 380 
1 hrs | 2/10 | 3/10 7/10 | 7/10 | 9/10 
24 hrs | 3/10 4/10 8/10 | 9/10 
48 hrs | 5/10 | 
3 days | | 10/10 
10 days 0/10 3/10 5/10 8/10 | 9/10 | 10/10 











ministration of the chemical. LD;, calculated from these results is 319.5 (313.7~ 
324.8) mg/kg. Macroscopic examination of mice dying from overdosage showed no 
gross pathology. 

Hematological findings. Throughout these experiments the total white cell counts 
for control mice ranged from 7, 800~16, 300/cu.m.m., the average count being 13, 000/ 
cu.m.m. The red cell counts for control mice ranged from 840~1180 x 10?/cu.m.m. 
with the average count of 1020 10‘/cu.m.m. 

In the first hematological experiment the total white cell counts of the treated 
groups 24 hours after the five day treatment (Fig. 1) remained in the range of the 
control group. This was in a striking contrast to the pronounced leukopenia induced 
by many other anti-cancer chemical agents as confirmed by our preliminacy experi- 
ments carried out at the same time and under similar experimental conditions. The 
total white cell counts on the 8th day in the first experiment were elevated slightly 
in all the groups (Fig. 1). The cause of this elevation was uncertain. The counts 
of 50mg group remained in the normal range although they showed a slight decrease 
compared with the control counts (Fig. 1). 

In the second hematological experiment there was no definite change in the total 
white cell counts of the treated groups compared with those of the control groups 
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(Fig. 3). 
The red cell conut of the treated groups remained in the normal range in both 
experiments (Fig. 2 and 4). 
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5 day treatment with 6-carbq@gy-4- single injection of 6-carboxy-4-nitro- 
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Fig. 2. Red blood cell counts after 5 day Fig. 4. Red blood cell counts after a single 
treatment with 6-carboxy-4-nitro- injection of 6-carboxy-4-nitroquine- 
quinoline N-oxide. line N-oxide, 250 mg/kg. 


Differential white cell counts of the treated groups revealed no significant changes 
in any of its constituents in all the experiments. 
The histological examination revealed no significant changes in the bone marrow 


as well as in the other organs within the present experimental period. 
CONCLUSION AND COMMENTS 


The results obtained from the present studies would indicate that 6-carboxy-4- 
nitroquinoline N-oxide exerts no significant effect on the hematopoietic systems. Our 
findings well correspond with the recent observations independently made by Moore 
et al. (1960) that 4-nitroquinoline N-oxide produced no hematological effects. 

The fact that these nitroquinoline N-oxide derivatives do not act radiomimetically 
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and produce no marked effect on blood picture would seem to suggest their possible 
usefulness in combination therepy with a radiomimetic agent. However, the failure 
to induce leukopenia may be indicative of the lack of effect on leukemia. Moore et 
al. (1960) indeed noted that 4-nitroquinoline N-oxide was ineffective against Leukemia 
1210, and while Sugiura (1959) reported the substance to be moderately inhibitory on 
the Friend virus leukemia, it was not decided whether the effect was due to that on 


the leukemic cells or on the virus. 
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CYTOLOGICAL STUDY ON THE EFFECTS OF 8-AZAGUANINE 
AND RELATED COMPOUNDS ON THE YOSHIDA 
SARCOMA CELLS’ 


TOSIHIDE H. YOSIDA and HIROYUKI HIRUMIP 


(National Institute of Genetics, Misima) 


8-Azaguanine (5-amino-7-hydroxy-1H-v-triazolo(d)-pyrimidine) synthesized by 
Robline and his associators (1945) was found to be the most potent purine inhibitor 
among the triazolopyrymidines, when the growth of E. coli and S. aureus was used 
as indicator. Kidder et al. (1949) found that this chemical inhibited the growth of 
Tetrahymena geleii and tumor cells in some tumor strains of mice. Their hypothesis 
was that, since the growth of certain tumors was inhibited by 8-azaguanine, perhaps 
cancer cells had lost the ability to synthesize guanine. Growth inhibition of tumor 
cells, moreover, was found by Gellhorn (1950), Shapiro ef al. (1950), Sugiura et al. 
(1950), Burchenal (1956) and Law (1956). 

The effects of 8-azaguanine on mitosis of tumor cells were studied by Shapiro ef 
al. (1950) and Woodside ei al. (1952). They found that 8-azaguanine caused a dec- 
rease in the mitotic rates of some tumors in mice. So far as we know the effect 
of the chemical on the chromosomes of tumor cells was not observed by any of the 
investigators. The present authors observed the deformation of chromosomes and 
change of mitotic rates in Yoshida sarcoma which was treated by 8-azaguanine and 
9 related compounds. The present paper deals with the results of these observations 
with special regard to which chemical nucleus or basis in these compounds is the 
most effective. 

The authors are pleased to express their indebtedness to Dr. S. Yamada and M. 
Fujisawa of the Research Laboratory of the Tanabe Pharmacological Company, Japan, 
for their kind synthesis and supply of the compounds. Cordial thanks are also due 
to Dr. S. Nawa in this Institute for his kind advice in the course of our work. 


MATERIAL AND METHOD 


8-azaguanine and related compounds were synthesized by courtesy of Dr. Yamada, 
in the Research Laboratory of the Tanabe Pharmacological Company, Japan. W- 
strain rats which were bred in the author’s laboratory were used for transplantation 
of the tumor. Yoshida sarcoma used in the present study was obtained from the 


1) Contribution from the National Institute of Genetics, Japan, No. 303. 
2) Present address; Department of Anatomy, Wakayama Medical College, Wakayama, Japan. 
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Fig. 1. Chemical formulae of 8-azaguanine and 9 related compounds used in the present 
study. 


Sasaki Medical Institute, Tokyo, and was serially transplanted to the rats. The 
experiments were classified into four sections according to the technique used in 
administering the chemicals. 

1. Injection of 8-azaguanine: Aqueous solution (24 gm/mol, pH 9) of 8-azaguanine 
(No. 1 in Fig. 1) was injected into peritoneal cavites of tumor bearing rats. 15 rats 
were used in 3 groups, A, B and C, each containing 5 animals. 10 rats in groups 
A and B were injected with 48 mg/kg and 480 mg/kg of 8-azaguanine into the 
peritoneal cavities. The remaining 5 rats in group C were used as control. Smear 
preparations of tumor cells were made 5, 24, 48 and 120 hours after injection. 

2. Simultaneous injection of tumor cells and chemicals after mixing them in 
vitro: Solution or emulsion of compounds No. 2 to No. 8 shown in Figure 1 were 
used in the present study. Method of injection was as follows; a certain volume of 
ascites tumor of tumor-bearing rats was sucked up with a syringe three days after 
transplantation. Then, it was mixed with an equal volume of the chemical solution 
or emulsion. Immediately after shaking the mixture for about one minute, it was 
injected into the peritoneal cavities of rats. Each of 5 rats was used for the test 


of each compound. Smear preparations of tumor cells obtained from the tumor- 


346 








bearing animals were made at the same intervals as mentioned above. 

3. Short term culture of tumor cells after mixing them with the chemicals: In 
order to investigate the effect of chemicals on the tumor cells in vitro they were 
mixed with some compounds (No. 4, No. 9 and No. 10 in Fig. 1) in test tubes. In 
each experiment, 5 test tubes were used. The chemicals were solved in physiological 
salt solution. One cc of ascites containing tumor cells was mixed with one cc of 
the chemical solution, and then incubated at 37-38°C for 3 hours. The test tube 
was rotated by roller tube culture method (15 rotations per hour). 

4, Continuous injection of 8-azaguanine: In order to investigate the effect on 
tumor cells of 8-azaguanine by continuous injection it was injected into the peritoneal 
cavities of tumor-bearing rats several times at 24 hour intervals. Every time 48 
mg/kg of the chemical was injected. The observation of tumor cells was made 
immediately before and 5 hours after every injection. 

In all experiments, physiological salt solution was used as control. For the obser- 
vation of chromosomes, hypotonic salt solution (YO-1) was employed. To the 
droplets of ascites suspension placed on slides a nearly equal volume of YO-1 solution 
was added, and after about 10 minutes the suspension was stained with acetic orcein. 
Mitotic index was determined by observation of 1,000 to 2,000 tumor cells, sampling 
at random from 5 slides. Frequency of normal and abnormal tumor cells was 
determined by observation of 100 to 300 metaphase cells in the same slides. 


RESULTS OF OBSERVATIONS 


1. Effect of 8-azaguanine injected into peritoneal cavity. Following injection of 
{8 mg/kg and 480 mg/kg of 8-azaguanine, tumor cells were markedly affected by the 
chemical 5 hours after injection. In the case of 48 mg/kg injection, about 70 per 
cent of tumor cells showed spherical chromosomes. The normal type of chromo- 
somes in the Yoshida sarcoma is usually characterized by rod-, V- or J-shape (Fig. 
2). Deformation of chromosomes into spherical form was due to the arrest of 
mitosis at metaphase by inactivation of the mitotic apparatus (Fig. 3). 24 hours 
after injection, the number of affected tumor cells decreased to 5-10 per cent, and 
the original tumor condition was wholly recovered 120 hours after injection. 

In the case of 480 mg/kg injection, almost all metaphasic cells showed the spherical 
chromosomes and some of tumor cells being in interphasic stage were noticeable by 
showing the degeneration type. 24 hours after injection, the effect of the chemical 
was more remarkable than in the case of the lower dose (48 mg/kg). There were 
observed several abnormal cells such as giant cells, multipolar division or irregular 
distribution of metaphase chromosomes. The tumor cells, however, had returned to 
normal condition 120 hours after injection. 


2. Effect of chemicals after simultaneous injection of tumor and chemicals mixed 
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Fig. 2. Normal shape of chromo- 
somes in a Yoshida sarcoma cell. 

Fig. 3. Two tumor cells with 
chromosomes deformed into thick 
round bodies by treatment with 
8-azaguanine. 

Fig. 4. (To left) Mitotic index (%) 
intumor cellafter simultaneous injec- 
tion of tumor cells and chemicals 
mixed in vitro. Nos. 2 to 8 correspond 
to those of Fig. 1. 


in vitro. It was found from the 
above experiment that the effect 
of 8-azaguanine on the Yoshida 
cells was characterized by spheri- 
cal deformation of chromosomes. 

The deformed chromosomes 
were good indicators of the effect 
of chemicals. As stated above, 











each of 7 kinds of chemicals was mixed with tumor cells in vitro and the mixtures 
were injected into the peritoneal cavity of rats. The results of experiments are as 
follows. 

a) Control experiment: As control, the tumor cells were mixed with a physio- 
logical salt solution and the mixture was injected into new rats. Mitotic index 
increased from 0.67 to 1.7 per cent 6 hours after transplantation (Table 1 and Fig. 4). 
It remained at the high level until 72 hours after transfer with little fluctuation, but 
it slightly decreased to 1.36 per cent 120 hours after. Cells with spherical chromo- 
somes were found at 7.3 and 7.7 per cent 6 and 24 hours after transplantation, but 
their number decreased to 2.1 and 5.2 per cent 72 and 120 hours after, respectively 
(Fig. 5). In the Yoshida sarcoma, cells with the spherical chromosomes have already 
been reported by Makino and Yosida (1951) in non-treated material. According to 
them 28 per cent of metaphasic cells were abnormal, 0.4 per cent of them showing 
the characteristic spherical chromosomes. This frequency corresponds to about 1 per 
cent of total mitotic cells. 

b) Compound No. 2 (No. 2 in Fig. 1; chemical with triazolopyrimidine nucleus 
having NaO,SH,CHN in the 2-position): As shown in Table 2 and Fig. 5, 57.4 per 
cent of tumor cells showed spherical deformation of chromosomes 6 hours after 
treatment, but their number decreased to 6.5 per cent 24 to 72 hours after. 120 
hours after it increased slightly to 11.1 per cent. The mitotic index of tumor cells 
in this experiment is much higher than that in the control experiment 6 to 72 hours 
after treatment. 5.36 per cent occurring 24 hours after is the highest frequency in 
all batches observed in this experiment. The mitotic index, however, decreased to 


Table 1. Mitotic index (%) after injection of tumor cells mixed with 


various kinds of 8-azaguanine derivatives in vitro. 


Hours after injection? 


Kind of 6 FRE Fe u E GE Ts: \ Ta 





compounds | Total No.| % of Total No. | % of |Total No.| % of | Total No.| % of 
| of tumor mitotic |of tumor | mitotic |of tumor | mitotic | of tumor mitotic 
cells cells cells cells cells cells cells | cells 
No. 2! 1147 2.01 1091 4:77 1184 5:15} 1282 0. 94 
No. 3 1138 2.46 | 1157 5.36 | 1126 515 1389 0. 65 
No. 4 1343 2.16 | 1364 3.52 1276 3.45 | 1338 0.75 
No. 5 1266 1.88 | 1247 1. 36 1240 329 1227 1.39 
No. 6 1246 1.85 1158 | 2.25 1248 1.52 — — 
No. 7 1180 2 | 1027 | 2.34 | 1326 1.13 | 1217 1. 40 
No. 8 1236 | 2.10 | 1236 | 1. 46 1336 1.50 | 1053 0. 66 
Control2 | 1294 | 1.70 1388 2:02 | 1024 2.15 | 1541 1. 36 
"Remarks. 1) The various compounds are represented in Fig. 1. EIC | 
2) Physiological salt solution was used in the control. 
3) Mitotic index (%) of tumor cells before treatment was 0.67 in all experiments. 
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0.65 per cent 120 hours after treatment, becoming lower than in the control batch 
(Table 1 and Fig. 4). Increase of the mitotic indexes by the compound employed 
seems to be due to the inhibition of mitosis at metaphase stage, while the decrease 
of the index 120 hours after treatment depends on the degeneration of tumor cells 
which were damaged by the chemical. 

c) Compound No. 3 (No. 3 in Fig. 1; a chemical with a similar structure as 
compound No. 2 but H in the 7-position in triazole nucleus is replaced by Na): 
Percentage of cells with spherical chromosomes obtained by this chemical is much 
higher than that obtained when compound No. 2 was used (Table 2 and Fig. 5). 6 
hours after treatment 73 per cent of metaphase cells showed the deformed spherical 
chromosomes. A remarkable decrease of such cells, however, was observed 24 to 
120 hours after treatment like after treatment with compound No. 2. 

The mitotic index by the treatment with this chemical is a little lower than when 
compound No. 2 was used. But, in general the effect of compound No. 3 on tumor 
cells was not observed to be different from that of compound No. 2. 

d) Compound No. 4 (No. 4 in Fig. 1; a chemical with imidazolopyrimidine nucleus 
having two methylamino-bases at the 2-position): The mitotic index obtained in 
this experiment is a little lower than those with the above two compounds (Table 1 
and Fig. 4). The frequency of the cells with spherical chromosomes increased to 
23.1 per cent 6 hours after, but it decreased to 13.3 per cent 24 hours after treat- 
ment. The percentage of the abnormal cells 6 hours after was about one third of 
those found in the above two experiments. Thus it can be said that the effect of 
the compound No. 4 with imidazolopyrimidine was not as striking as when compounds 
No. 2 and No. 3 having triazolopyrimidine were used. 

e) Compound No. 5 (No. 5 in Fig. 1; a chemical with triazolopyrimidine nucleus 
with a methyl amino-base at the 2-position): The mitotic index increased to 1.8 
per cent 6 hours after treatment, and it decreased to 1.3 per cent 24 hours after, 
but it increased again to 3.2 per cent 72 hours after (Table 1 and Fig. 4). The 
number of the cells with the spherical chromosomes increased to 42.7 per cent 6 hours 
after, and it decreased slightly to 31.4 per cent 24 hours after treatment. The dif- 
ference from the effects obtained by the other chemicals is considerable, since the 
percentage of cells with the abnormal chromosomes 24 hours after treatment was 
still very high (Table 2 and Fig. 5). A marked decrease of the percentage of ab- 
normal cells occurred 72 hours after injection like after treatment with the other 
chemicals. Based on the cytological investigations, it is concluded that the effect of 
compound No. 5 (2-methylamino-8-azaguanine) on the tomor cells is much stronger 
than that of compound No. 4 (2-dimethylamino-guanine), and the fading of the effect 
is delayed for a considerably longer time. , 

f) Compound No. 6 (No. 6 in Fig. 1; a compound having triazolopyrimidone nucleus 
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Table 2. Frequency of cells with round chromosomes after injection of a 


mixture of tumors with 8-azaguanine derivatives in vitro. 


Hours after injection? 








Kind of aie 6 | a 7 
compounds | No. of mitotic | % of cells with | No. of mitotic | % of cells with 
| cells observed | round chroms. cells observed round chroms. 
No. 21 277 57.4 156 6.5 
No. 3 222 73.0 148 312.1 
No. 4 156 23.1 128 13.3 
No. 5 192 42.7 207 31.4 
No. 6 276 23.2 109 8.3 
No. 7 194 0.5 161 2:9 
No. 8 172 45.9 212 449 
Control? 248 723 130 tad 
| Hours after injection 
Kind of WERE; eee ale i ~ 120 5 
a ae No. of mitotic | % of cells with | No. of mitotic | % of cells with 
cells observed | round chroms. cells observed round chroms. 
No. 2 267 6.7 144 223 
No. 3 225 8.6 150 12.0 
No. 4 152 14.5 173 16.4 
No. 5 265 1.9 254 1.6 
No. 6 275 4.4 — 
No. 7 235 1:3 264 1.5 
No. 8 172 し AL 182 14.3 
Control 292 2.1 306 52 
Remarks. 1) and 2) as in Table 1. a 
3 % of cells with round chromosomes before injection was 1.6 in all experiments 


with an amino-base at the 1-position): No remarkable difference of the mitotic index 
was found in this experiment in comparison with the control. The number of cells 
with round chromosomes, however, increased to 23.2 per cent 6 hours after, but 24 
and 72 hours after treatment it decreased to the extent observed in the control. The 
animals treated with this chemical inexplicably died 72 hours after injection. In 
conclusion, no remarkable effect on mitotic rate of tumor cells was obtained with 
this compound, while the number of the cells with round chromosomes considerably 
increased. 

g) Compound No. 7 (No. 7 in Fig. 1; a compound with imidazolopyrimidone 
nucleus having similar components as No. 6 but triazole replaced by imidazole 
nucleus): This compound could not produce any marked effect on mitosis and 
chromosomes. The frequency of the cells with round chromosomes was only 0.5 per 


cent 6 hours after injection, and 24, 72 and 120 hours after injection they increased 
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slightly to 2.5, 1.3 and 1.5 per cent, respectively. These percentages are even lower 
than those in the control batches. Mitotic index in this experiment is similar to that 
of the control (Tables 1 and 2, Figs. 4 and 5). 

h) Compound No. 8 (No. 8 in Fig. 1; a compound with triazole nucleus only, but 
having carbohydrazide at the 5-position): Mitotic index in this experiment did not 
increase like after treatment 
with compound No. 6 or in the 
control batch, but the cells 
with round chromosomes inc- 
reased to 45.9 per cent 6 hours 
after injection. The percen- 
tage amounts to about two 
thirds of that obtained by 
treatment with compounds No. 
2 and 3. The number of the 
cells, however, strikingly dec- 
reased to 7.5 and 7.0 per cent 
24 and 72 hours after treat- 
ment (Fig. 4 and 5). The 
conclusion can be drawn that 


2 of cells with round chroms 


the effect of this compound on 
the tumor cells was similar to 
that obtained by compound 
No. 6 which is characterized 











by having triazolopyrimidone. 
3. Effect of the compounds 
on short term culture mate- 





Hours after injection 


Fig. 5. Frequencies of tumor cells with round chromo- 
somes after simultaneous injection of tumor cells and rials。 Tumor cells mixed with 
chemicals mixed in vitro. Nos. 2 to 8 correspond to those some other chemicals were in- 
of Fig. 1. cubated for three hours at 37- 

38°C, and the frequency of mitotic cells were observed. The results obtained are as 
follows. 

In the case of compound No. 9 (2-dimethylamino-8-azaguanine; No. 9 in Fig. 1), 
the frequency of the cells with spherical chromosomes increased to 50.3 per cent. 
The mitotic index also increased to about 3.5 times of that in the control. In two 
compounds, No. 4 and No. 10 (triazolo-4-carboxyl-5-carbohydrazide : No. 10 in Fig. 
1) the frequencies of the cells with round chromosomes increased to 38.7 and 30.8 
per cent, respectively (Table 4 and Fig. 7). Mitotic indexes obtained in these com- 
pounds are 3.0 and 3.5 per cent, respectively. They are in the middle between the 
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Table 3. Mitotic index (%) in Yoshida sar- 
coma cells incubated in vitro after trea- 


tment with 8-azaguanine derivatives. 


| 


| 3 hours after treatment 

Kind of Rae ーー 

compounds!) | Total No. of | % of mitotic 
| tumor cells | cells? 








| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
6 of dividing cells 


Control 12) | 1200 | 1.25 


23) | 1200 | 1.17 


1 





Remarks. 1) They are represented in Fig. 1. 2 
physiological salt solution. 3) Ascites 
from normal rats. 4) Before treatment 
0.55% of tumor cells showed mitosis in 


all experiments. Hours after injection 














indexes obtained from compound No. 9 Fig. 6. Mitotic index (%) in tumor 
(4.3%) and control (Table 3 and Fig. 6). In cells cultured in vitro for 3 hours after 
mixing with the chemical. Nos. 4, 9 and 
10 correspond to those of Fig. 1. C-1 and 
used. In one of them physiological salt C-2 denote control experiments, in which 


solution and in the other normal ascites physiological salt solution or ascites were 
used, respectively. 


the control experiment two methods were 


of the rat were used as culture medium. 
The frequency of the cells with round chromosomes and the mitotic index were 
slightly larger three hours after than those obtained before treatment. In conclu- 
sion, the chemicals with triazolopyrimidine nucleus effected an increase of tumor 
cells with round chromosome even when the material was cultured in vitro for a 
short term, but the effect of those with triazole nucleus was only about one half of 
that obtained with chemicals with triazolopyrimidine nucleus. 

4, Effect on tumor cells of 8-azaguanine by repeated injection. In order to 
investigate the effect of repeated treatment with 8-azaguanine, it was injected to 
tumor-bearing rats every 24 hours after transplantation. The tumor cells were 
observed immediately before and 5 hours after each injection. Tumor and blood 
cells containing ascites were observed in order to know which cells decay or prosper 
in the peritoneal cavity by treatment with the chemical. Kinds of cells observed 
are as follows: 1) interphasic tumor cells; 2) metaphasic tumor cells; 3) de- 
generated tumor cells; 4) lymphatic cells, and 5) leukocytes. The percentage 
of interphasic tumor cells of the total of observed cells is shown in Table 5. As 
the table shows, the number of interphasic tumor cells was markedly reduced to 
31.94 per cent 24 hours after treatment, and it decreased further to 20.99 and 1.3 
per cent 29 and 48 hours after treatment, respectively. 5 hours after the third in- 
jection (=53 hours after first injection), interphasic tumor cells were reduced to only 
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Table 4. Number of cells with deformed 
chromosomes in Yoshida sarcoma cells 
incubated in vitro after treatment 


with 8-azaguanine derivatives. 


3 hours after treatment 











Kinds of ; ec © wi 
GBR: a + with deform- 
ne A > u br ed chroms.? 

4 234 38.7 
9 228 50. 3 
10 183 30. 8 
Control 13 173 1.16 
24 290 3.45 
“Remarks, 1) As in Table 3. 2) Before treatment 


1.09% of mitotic cells had deformed chro- 
mosomes in all materials. 
Physiological salt solution. 4) Ascites 


from normal rats. 


60 ト 


round chroms. 


% of cells with 














L 





0 1 


Hours after injection 


cent and 72 hours after the lst Fig. 7. Frequencies of cells with round 


they were hardly observed, and 


0.91 per 
chromosomes in tumor cells cultured in 


vitro for 3 hours after treatment with the 
Nos. denoted in figure corres- 


injection 
only lymphocytes or leukocytes were found. 
chemical. 


Mitotic tumor cells increased to 1.71 per Sand u ea 


cent 5 hours after injection as observed 
The majority of these cells were characterized by having 
They markedly decreased to 0.41 per cent 24 hours 


in the control experiment. 
round-shaped chromosomes. 


Table 5. Change in the frequency of tumor and blood cells in ascites of rats 


carrying Yoshida sarcoma after repeated injection of 8-azaguanine. 


Time % of all % of tumor cells | % of % of Total No. 
Hours after | tumor cells ー ィ ーー lympho- |leucocy- | of cells 
ist inject. observed | At interphase! At mitosis | Damaged! cytes tes observed 

Before 
inject. 98. 94 97. 01 1, 29 0. 64 0. 59 0. 47 1708 
Ist, inject. 
= 83. 25 80. 22 1.74 1.31 15. 03 42 1224 
? (82. 18) * (79. 83) (1. 95) (0.40) | (17. 25) (0. 57 (1745) 
24 10.74 31. 94 0.41 8.39 | 53.86 5.40 2204 
2nd inject. (80.71) (78. 64) (1.72) (0.35) | (12.85) (0.44) (2271) 
29 23. 66 20. 99 0. 64 2.02 60. 21 16. 13 1729 
ます (74.38) (12.75) (1. 26) (0. 38) | (25. 29) (0. 33) (1831) 
48 22. 09 1.30 0. 06 0. 84 91.16 6.70 1539 
3rd inject. (82. 34) (79. 41) (2. 10) (0. 83) | (17.51) (0. 15) (1331) 
53 3. 81 0. 91 0 2.90 96.19 0 1865 
(91. 22) (88. 52) (2.63) (0.06) | ( 8.55) (0. 23) (1708) 
72 0.80 0.81 0 0.61 99. 20 0 1637 
= (93. 72) (91. 92) (1. 72) (0.08) | ( 6.06) (0. 22) (1337) 





* Numbers in parentheses denote percentages found in the controls, 
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after. Although the mitotic tumor cells increased slightly 5 hours after the second 
injection, they decreased to 0.06 per cent 48 hours after. Mitotic tumor cells were 
never observed in ascites after the third injection. 

Degenerated tumor cells occurred at about 1 per cent in all control experiments, 
while they increased to 8.4 per cent 24 hours after injection. 5 hours after the 
second injection they decreased to 2.0 per cent, and further to 0.8 per cent 48 hours 
after the first injection. 

The number of lymphocytes fluctuated within a 20 per cent range in the control 
experiment, but it increased to 99.2 per cent 72 hours after injection. Leukocytes 
occurred at about 1 per cent in the control, but they occurred at 5.4 per cent 24 
hours after injection. They increased to 16.13 per cent 5 hours after the second 
injection, but decreased again to 6.7 per cent 48 hours after the first injection. 


DISCUSSION 


It is well known that 8-azaguanine is an antagonist of guanine which is one of 
the compounds constituting the nucleic acids. Many investigators have discussed the 
mechanism of inhibition of mitosis by 8-azaguanine. According to Shapiro, Weiss 
and Gellhorn (1950) and Woodside e¢ al. (1953), it inhibits the initiation of mitosis 
of tumor cells, and they found that the effect of this chemical differs widely accor- 
ding to the kind of tumors. Mitchell, Skipper and Bennett (1950) demonstrated that 
the inhibitory effect of 8-azaguanine may be related to its incorporation into ribo- 
nucleic acid. 8-azaguanine is incorporated into the RNA of various microorganism 
and animal tissues, but it was not found in DNA (Lasnitzki, Matthews and Smith 
1954). Based on the above investigation, it can be said that the effect of 8-azagua- 
nine may be related to inadequate function of defective RNA containing the analogues. 

As stated above, 8-azaguanine effected inhibition of mitosis at metaphase and 
deformation of chromosomes in Yoshida sarcoma cells changing them into round 
bodies. It is well known that colchicine is a highly effective chemical inhibiting 
mitosis at metaphase and deforming the chromosomes in similar way. The senior 
author (1952) demonstrated colchicine effect on the Yoshida sarcoma cells, in which 
he observed a remarkable increase of mitotic rate and number of cells with round 
chromosomes. Action of podophyllin with effects resembling those of colchicine was 
demonstrated by Makino and Tanaka (1953) in the Yoshida sarcoma cells. They 
found that this drug arrested the mitoses of tumor cells at metaphase. The mecha- 
nism of inhibition of mitosis by colchicine and other c-mitotic agents is not yet clear, 
but it is suggested that the essential part of colchicine effect is a damage of the 
mitotic apparatus. Inhibitory action of mitosis by 8-azaguanine with effects like 
colchicine’s may be also due partly to damage of mitotic apparatus. According to 
Kaufmann, McDonald and Gay (1951) mitotic spindles of onion root tip cells contain 


355 














both RNA and protein. They were also present in the centromere (Stich 1954). If 
8-azaguanine is incorporated into RNA forming the spindle apparatus or the cen- 
tromere, defective spindles may occur. 

The effect of 8-azaguanine in producing cells with round chromosomes was most 
remarkable 6 hours after injection. According to Finkelstein e¢ al. (1951), the 
administration of 8-azaguanine to mice carrying sarcom 37 resulted in a selective 
inhibition of tumor respiration within two hours, and it was almost complete after 
24 hours, but after 48 hours respiration had again increased. The frequency of tumor 
cells with deformed chromosomes, however, decreased at 24 hours, while that of the 
degenerated tumor cells was at the maximum. From these observations it seems 
that cells with chromosomes deformed into round ones approach complete degenera- 
tion and the respiration of the degenerated tumor cells may be completely inhibited. 

8-azaguanine and related compounds used in the present study can be classified 
into 5 groups according to their chemical structure and effect on tumor cells. Com- 
pounds No. 1 (8-azaguanine), 2, 3, 5 and 9 having a triazolopyrimidine nucleus 
belong to group 1. They were most effective. Compound No. 4 having a imidazo- 
lopyrimidine nucleus belongs to group 2. The rate of mitotic cells by this chemical 
was similar or higher than those obtained by chemicals belonging to group 1, but 
the frequency of cells with round chromosomes was much lower than in group 1, 
though it was higher that in the control experiment. Compound No. 6 having tria- 
zolopyrimidone belongs to group 3. The effect of this chemical was characterized 
only by the increase of the number of cells with round chromosomes, but the mitotic 
rate was not affected at all. Group 4 includes compound No. 7 which has an imida- 
zolopyrimidone nucleus. No effect on the mitotic index or frequency of cells with 
round chromosomes was found in this group. Chemicals No. 8 and No. 10 having 
a triazole nucleus only, belong to group 5; they showed a similar effect to that 
observed in group 2. Based on the above observations it is concluded that compounds 
having the pyrimidine and triazole nuclei brought about the most powerful effects 
on mitotic rate and frequency of cells with round chromosomes, while the effects of 
chemicals with pyrimidine and imidazole instead of triazole were in comparison 
reduced, especially regading the frequency of cells with round chromosomes. Com- 
pounds having pyrimidone and triazole nuclei or triazole nucleus alone effected only 
an increase of cells with round chromosomes. Chemicals with imidazole and pyrimi- 
done nuclei did not affect either mitosis or chromosomes of the tumor cells. 


SUMMARY 


The present paper deals with the cytological effects of 8-azaguanine and related 


compounds on the chromosomes of Yoshida sarcoma cells. 8-Azaguanine effected a 
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deformation of chromosomes into round ones and an increase of mitotic rate by 
arresting mitosis at metaphase. As indicator of the effect of 8-azaguanine, the 
frequencies of the affected cells were observed after treatment with 8-azaguanine 
and 9 related compounds. 

Generally speaking, compounds having two pyrimidine and triazole nuclei brought 
about the most powerful effects, while that of chemicals having pyrimidine and 
imidazole nuclei was shown to be considerable weaker. Compounds having pyrimi- 
done and triazole nuclei or triazole nucleus alone effected only an increase of cells 
with round chromosomes. Chemicals with imidazole and pyrimidone nuclei did not 
affect either mitosis or the chromosomes of the tumor cells. 
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CHROMOSOMAL ALTERATION AND THE DEVELOPMENT OF 
TUMORS. V. TEMPORARY PROLIFERATION OF TETRAPLOID 
CELLS IN THE YOSHIDA SARCOMA AND THEIR ORIGIN”” 


(Plates XXIV and XXV) 


TOSIHIDE H. YOSIDA 


(National Institute of Genetics, Misima) 


Karyological studies of the Yoshida sarcoma of rats have been carried out by many 
investigators (Makino, 1951, 1952, 1957 a, b, Makino and Kano, 1951, 1953, Makino 
and Sasaki, 1958, Makino and Yosida, 1951, Tjio and Levan, 1954, Yosida, 1948, 
1952, 1955 and some others). A major conclusion reached was that the Yoshida 
sarcoma is characterized by tumor stem cells with subdiploid chromosome numbers 
which are the basic cells of the growing tumor. In addition, an occasional occur- 
rence of polyploid cells was reported in this tumor by Yosida (1948) and Makino 
and Kano (1951). The latter authors stated that the frequency of polyploid cells was 
very low and most of them had unbalanced chromosome numbers. Polyploid cells 
in a fairly stable subdiploid stemline were found to occur also in other tumors of 
mice and men. Winge (1930) reported in the tar carcinoma of mice that cells with 
near-diploid chromosomes were most frequent and polyploid cells occurred seldom. 
After Winge’s finding, similar observations were reported by many investigators in 
human and mouse tumors. 

In the course of transplantations of the Yoshida sarcoma the author has encoun- 
tered a tumor which had developed in the peritoneal cavity of a Buffalo-rat about 
one month after inoculation. This tumor was noticeable by containing a high per- 
centage of tetraploid cells. In order to observe their nature and behavior, the tumor 
was transplanted into rats of several strains. The present paper describes the re- 
sults of the study with special regard to a comparative idiogram analysis of diplo- 
and tetraploid cells. 

The author wishes to acknowledge his indebtedness to Professor Sajiro Makino, 
Hokkaido University, for his keen interest in this investigation and kind revision of 
the manuscript. Further he is also indebted to Mr. Y. Kurita of his laboratory for 


his kind assistance in transferring the tumors. 
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MATERIAL AND METHODS 


The Yoshida sarcoma used in the present experiment was a strain maintained in 
the Pharmacological Research Institute, Tokyo. It was obtained by courtesy of Dr. 
H. Satoh, and then transferred serially from rat to rat of strains inbred in the 
author’s laboratory. 

The rats of W-strain have been established by Yosida and Makino (1955) by 
brother and sister mating for about 29 generations. WKA (Wistar-King-Aptakeman)- 
and WPY (Wayne pink-eyed yellow)-, A (Albany)-, LE (Long Evans)- and B (Buffalo)- 
strain rats were imported from the United States in 1953 and 1956 by Dr. Makino. 
CB- and CW-strain rats were derived from hybrids between Castle black and WKA- 
rats, and were maintained by brother and sister mating for about 10 generations. 
Rats of N- and SH- strains were derived from stocks of Japanese common rats which 
were selected for transplantation of the Yoshida sarcoma for 10 and 8 generations, 
respectively. 

The transplantation technique of the tumor and the staining technique of tumor 
cells are the same as reported in the previous paper of this serial study (Yosida 
1959). Acetic dehlia technique (Makino 1957) was sometimes adopted for the pre- 


paration of chromosomes. 
RESULTS 


1. Record of tumor transplantation: The Yoshida sarcoma at its 827th trans- 
plant generation was transferred into rats of various strains, such as WPY, B, LE, 
A, N, W. The results of the first transplant generation are shown in Table 1. A 


Table 1. Transplantability of the Yoshida sarcoma at the first 


transplant generation in the author’s laboratory 


Strain of rats No. of rat used Positive transpl. Negative transpl. 
WPY 2 0 2 
B 3 1 2 
LE 3 2 1 
N 2 2 0 
W 5 2 3 
A x NIG* 3 1 2 
Total 18 10 
* Strain established in the author’s laboratory. 


solid tumor developed in the peritoneal cavity of one rat of B-strain one month after 
inoculation in addition to the ascites tumor. The solid tumor was transplanted into 
W- and SH-strain rats with success in 4 rats of the latter strain. It was again 
inoculated into W-, LE- and N-strain rats (Table 2). Among them, the transfers to 
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Table 2. 


tetraploid cells in the Yoshida sarcoma. 





Record of trasplantations and frequency of 











Transfer SMI* 
gener. (3. 8)** 
(51. 0) 
| 
2 SH 
(61. 0) 
3 N LE W 
(69. 0) (29. 0) (61. 8) 
4 N LE W 
(39. 7) (16. 4) (——) 
5 CR CW WPY B WKA N LE W LE W 
(31. 9) (25.3) (26.2) (25.2) (25.0) (29.5) (28.7) (34.0) (一 一 ) (6.0) 
6 CW WPY N W LE W 
(一 一 ) (22.7) (16.2) (31. 8) (——) (15.7) (11.5) 
7 CW WPY N W LE W 
(16.5) (14.4) (12.0) (14.3) (18.1) (16.7) 
8 WPY N W LE W 
(13. 6) (15. 5) (——) (12.8) (-—) 
9 WPY N W LE VW 
(12.0) (9.7) (一 一 ) (5.6) (6.4) 
10 N W LE ‘N 
(7.4) 42:2) (9. 0) (4. 5) 
11 N 
(5. 7) 


* Original strain of the Yoshida sarcoma transplanted to hybrid rats. 
** Figures in brackets denote the frequency of tetraploid cells. 
Ist generation of this table correspond to the 867th transplant generation maitained in the Pharmacological 


Research Foundation. 
N-rats were successful, while in half of LE-rats they failed. One of three rats of 
W-strain showed a successful transfer to the peritoneal cavity of both ascites and 


The tumor transplanted to LE-rats was successively transferred only 
On the other hand, an ascites tumor and a solid 


solid tumors. 
into LE-rats for 10 generations. 
tumor developed in one W-rat were transplanted to 3 and 4 W-rats, respectively. 
The transfer of the ascites tumor failed in all three W-rats, while two of the four 
rats showed a successful transfer of the solid tumor. Then the ascites tumor was 
serially transplanted to W-rats only. That transplanted to N-rats was also serially 
transferred to rat of N-strain only. One of the tumors at the second transplant 
generation to N-rats was transferred to rats of various strains, such as CB, CW, 
WPY, B, WKA, LE and W. CB-, WKA-and LE-strains among them were used for 


one transfer generation only. B-rats were used for transplantion of the tumor for 
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two generations, while in CW-, WPY- and W-rats it was practiced for 7-11 genera- 
tions. 

2. Frequency of tetraploid cells: The Yoshida sarcoma which was obtained from 
the Pharmacological Research Institute of Tokyo was characterized by stemline cells 
containing 40 chromosomes, only 3.8 percent of tumor cells showing near-tetraplody. 
Both near-triploid and near-octoploid cells were contained at 2.0 percent (Table 3). 


Table 3. Frequencies of ploid cells in the original Yoshida 


sarcoma and in the lst and 2nd transplant generation. 








Ploidy | | | No. of cells 











Transp. gene. ie | wi | - Er observed 
Original | 92. 2% 2.0 | 3.8 2.0 | 102 
1st (B-rat) | 45.0 | 2.0 | 51:0 2.0 100 
2nd (SH-rat) | 38.9 | 


0 61.0 0 135 


No change was found in the frequency of the tetraploid cells in the course of serial 
transfers to W-rats. Noticeable is the fact that about 51 percent of tumor cells 
developed in a B-rat showed near-tetraploid, 45.0 percent only being near-diploid. 
As mentioned above, this tumor developed about one month after inoculation. The 
tetraploid cells increased in number to 61.0 percent in the next transplant genera- 
tion to SH-rats. The frequency of tetraploid cells increased when the tumor was 
transferred to N- and W-rats, while it decreased markedly in the transfer to LE- 
rats (Table 4). It is interesting that the frequency of tetraploid cells differed mark- 
edly by the strain employed. In the 4th transplant generation, however, the frequency 
of tetraploid cells decreased to 39.7 and 16.4 percent in N- and LE-rats, respectively 


Table 4. Frequencies of ploid cells at the 3rd and 4th transplant generation. 


Generat. 3rd 4th 








Strain A . u ee ee ee 
W LE | N | LE | N 
_ Ploidy_ | NG N EN | ee ee | Poe 
に 1 | 0 0 0 | 0 
(0.7%) 
er 29 68 26 115 | 87 
= (22.1) | (68.0) (26. 0) (82.0) | (59.9) 
al 2 | 2 1 1 1 
の a | (2.0) (1.0) (0.8) | (0. 4) 
\ | 81 | 29 | 69 23 | 58 
の (61.8) | (29.0) | (69.0) (16.4) | (839.7) 
L8n | 17 | 1 | 3 0 | 0 
(13.0) | (1.0) | (3.0) | 
1 0 1 1 | 0 
| (1.0) (0.8) | 
Total 131 (99.9) | 100(100.0) | 100(100.0) | 140(100.0) | 146 (100.0) 
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(Table 4). In W-rats, the frequency was not examined at the corresponding genera- 
tion because of the development of the solid tumor. 

In order to compare the increase of tetraploid cells in rats of various strains, the 
tumor which had developed in an N-rat was inoculated to CB-, CW-, WPY-, B-, WKA, 


LE-, N- and W-rats in the 5th transplant generation (Table 5). The frequency of the 


Table 5. Frequencies of ploid cells at the 5th transplant generation 





\ Strain | 

















— | CB | cw | wey | B | WKA|LE(N) | N | WN) | W | Total 
Ploidy \ | | | | | | 
cic | es Se eel fee VAREL SE, ern Se eT] ; = 
on |..89..| 121 14 | 100 | 74 67 | 113 | 115 | 159 | 92 
2” | (61.8%) | (72.8) | (71.2) | (72.0) | (74.0) | (66.3) | (68.4) | (65.3) (94.0) (72.2) 
as ae ee a 0 0 1 1 19 
| (6.3) | (1.8) | (2.5) | (0.7) (0.8) | (0.6) (1.4) 
in| 46 | 2 42 35 | 25 29 49 60 10 33.8 
(31.9) | (25.3) | (26.2) | (25.2) | (25.0) | (28.7) | (29.5) | (34.0) | (6.0), (25.6) 
2 0 0 | 3 1 1 2 0 0 7 
(2.1) | (1.0) | (1.0) (1.2) (0.5) 
0 0 | 0 et # 4 0 0 0 1 
>On | | (4. 0) (0. 3) 
7 2 | 166 | 160 | 139 | 100 | 101 165 | 175 | 169 | 1320 
otal | (100) | (99.9) | (99.9) | (100) | (100) | (99.9) | (99.9) | (100) | (100) 
ー U = 


(100) 


tetraploid cells in the tumor developed in those rats generally decreased to 25-35 
percent. The frequency of tetraploid cells slightly differed according to the strain. 
The occurrence of +4»-cells amounted to 25.6 percent at an average at the 5th 
generation. At the 6th transplant generation, the frequency of tetraploid cells de- 
creased to 19.2 percent at an average of 5 strains (Table 6). The tetraploid cells 

At the 7th and 8th 


transplant generation, their frequency decreased further to 15.2 and 14.0 percent at 


gradually decreased with the progress of transplant generations. 











Table 6. 
Strain 
WPY B N 
Ploidy 
Lon 123 108 | 75 
(75. 5%) (83. 0) (68. 2) 
a 3 1 0 
9 が (1.8) (0.8) 
ve 37 21 | 35 
(22.7) (16.2) | (31.8) 
t8n 0 0 0 
>+8n 0 0 0 
eee 163 130 110 
Total (100) (100) (100) 


LE 
136 
(82. 4) 
2 
(1.2) 
26 
(15.7) 


165 


(89. 5) 


15 
(11. 5) 


Frequencies of ploid cells at the 6th transplant generation. 


130 


(100) 














an average, respectively (Table 7). The decrease continued in the course of trans- 
plant generations. The total frequency of +4 cells at the 9th and 10th transplant 
generations was 9.4 and 5.7 percent, respectively (Table 8 and 9). The frequency 
observed in rats of one strain at the 11th transplant generation showed that only 
5.7 percent were tetraploid (Table 9). A higher percentage of tetraploid cells was 
found in a B-rat at the first transplant generation. Although the B-rats were used 
again for transfers at the 5th and 6th transplant generations, the number of tetra- 
ploid cells showed no further increase. As shown in Table 2, LE-rats were most 
resistant to the proliferation of tetraploid cells. A solid tumor developed in the 
peritoneal cavity of a W-rat at the 4th transplant generation; it was transplanted to 


Table 7. Frequencies of ploid cells at the 7th and 8th transplant generations. 


Generat. 7th 8th 
Strain 
CW |WPN| N |W(N), LE | W |TotalıWPY| N | LE |Total 
Ploidy | | 
aa | 108| 131| 140| 118| 95| 718| 121| 124| 105| 350 
=>, (82. 4) (87. 3) (83.3) (81.9) (83. 3) (83. 6) |(86.3) (83. 8) (84. 0) (84.7) 
si 1 1 0 1 0 0 9 oe 311 4 5 
‘ (0.6) (3.2) (2. 4) (1.1) (0.7)| (3.2)| (1.2) 
” 26| 18| 18| 24| 25| 19| 80) 19| 23| 16| 58 
(16.5) (14.4) (12. 0) (14.3) (18. 1) (16.7) (15.2) (13.6) (15.5) (12. 8) (14. 0) 
Bn 0 0 1 0 0 0 1 0 0 0 0 
(0.7) (0.1) | 
0 0 0 0 0 0 0 0 0 0 0 
on 


158 125 150 168 138 114 853 140 148 125 113 


Total (100) (100) | (100) (100) | (100) | (100) | (100) | (100) | (100) | (100) | (100) 


Tabie 8. Frequencies of ploid cells at the 9th transplant generation. 


Generat. 9th 
Strain 
WPY LE N W Total 
ploidy 
= 235 118 137 103 593 
Fr (86. 122) (94, 4) (89. 0) (93. 6) (89. 6) 
In り U 2 0 7 
(1.9) (1.3) (1.0) 
v 33 7 15 7 62 
, (12. 0) (5.6) (9. 7) (6. 4) (9. 4) 
8n 0 0 0 0 0 
Bn 0 0 0 0 0 
Tot: 273 125 154 110 662 
re (100) (100) (100) (100) (100) 
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peritoneal cavities of new W-rats. Under such an unusual condition of transplanta- 
tion, the frequency of tetraploid cells decreased markedly to 6.0 percent at the 5th 


transplant generation. It increased to 11.5 and 16.7 percent at the sixth and seventh 





transplant generations, respectively, but decreased again to 6.4 and 4.5 percent at 
the nineth and tenth transplant generations. 

Summarizing it may be concluded that the tetraploid cells of the Yoshida sarcoma 
increased markedly in number when they were inoculated into a B-rat, and continued 
to increase for a few transplant generations but not fora long time; they gradually 
decreased in number in the course of further transplant generations. 

3. Numerical variation of chromosomes: Counting of the chromosomes was made 
in 100 tumor cells at the fifth transplant generation on the basis of camera lucida 
drawings. The strains of rats used were N, W, WKA and LE. 

As shown in Table 10, tumor cells containing 40 chromosomes showed the highest 
frequency (72%) in the near-diploid cell group. Thus the stemline of this sarcoma 
consists mainly of cells with 40 chromosomes. On the other hand, cells containing 
80 chromosomes occurred at the highest frequency (3622) in the near-tetraploid cell 
group. It is noticeable that cells containing 79 chromosomes occurred at quite a high 
frequency (30%). The chromosome number-distribution in the near-tetraploid cell 
group is much wider than in the near-diploid cell group. It seems that varying an- 


euploid numbers occur more frequently on the tetraploid than on the diploid level. 


Table 9. Frequencies of ploid cells at the 10th and 11th transplant generations. 


Generat. 10th llth 
Strain 
N W(N) LE W Total N 
Plodiy 
on 142 112 87 123 164 116 
7 (87.79) (85.5) (87.0) (93. 2) (88.3) (94.3) 
3 6 3 t 3 16 0 
(8.7) (2:3) (4.0) (2.3) (3.1) 
an 12 16 9 6 13 7 
(7.4) (12.2) (9.0) (4.5) (8. 2) (5.7) 
8n 0 0 0 0 0 0 
9 9 
アフ = ) 
8n (1.2) 0 0 0 (0.2) ( 
162 131 100 132 525 123 


Total (100) (100) (100) (100) (100) (100) 
4. Comparative idiogram analysis of diploid and tetraploid cells: It has been 
shown that the modal chromosome-number of tumor cells in the Yoshida sarcoma is 40. 
The stemline chromosomes are represented in Figures 1-2. The chromosomes are 


classified into three types: rod-, J- and V-shaped. Serial alignments of chromosomes 
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Table 10. Chromosome-number distribution in cells of 


the diploid and the tetraploid group. 








Group Diploid group Tetraploid group 
Chrom. no. | 37 | 3g | 39 |40 41 | 42| Total | 77 | 78| 79 | 80/ 81 | 82! 83 | Total 
distrib. 

2 6 | | ie | : i p> “ee ea ee u 5 
No. of cells | =) | | ‘a 
ee 1| 2| 7|36| 3| 1| 50 1| 5|15|18| 8| 2| 1| 50 

2 2| 4114/72! 6! 2! 100 2/10/30/36/16! 4! 2! 100 





of two cells are shown in Figures 9-10: the numbers of rod-, J- and V-shaped chromo- 
somes are 14, 11 and 15, respectively. Among V-shaped elements, two are outstand- 
ingly large in size, one being larger than the other. The larger V-element is 
characterized by a submedian centromere, while the smaller one has a median cen- 
tromere. 

The chromosomes of the tetraploid cells are shown in Figures 3-8, in which 80 
(Figs. 3, 5, 8), 79 (Figs. 6-7) and 85 chromosomes (Fig. 4) are observable. Karyo- 
logical analysis of three cells with 80 chromosomes showed that the chromosome 
constitution of those cells is a reduplication of the diploid assortment (Figs. 11-13). 
The numbers of rod-, J- and V-elements are 18, 22 and 30, respectively. Among the 
V-elements, 4 chromosomes are very large in size, two among them being much 
larger than the other two. 

The above results show that the tetraploid cells of the Yoshida sarcoma are the 
result of duplication of the original diploid chromosome set of the stem line. The 
production of the aneuploid numbers may be due to elimination or duplication of 


some elements of the tetraploid assortment. 
DISCUSSION 


It has been shown by many investigators that the Yoshida sarcoma is characterized 
by stem cells having a hypodiploid chromosome number (Yosida 1948, 1955, 1959, 
Makino and Kano 1951, 1953, Makino 1951, 1952, 1957 a, b, Tjio and Levan 1956, 
Makino and Sasaki 1958). In the preliminary report the present author (Yosida 
1948) showed that among 36 metaphasic cells under study 2 cells were near-tetraploid, 
3 near-triploid, and the remaining 31 were near-diploid. Makino and Kano (1951) 
reported that tetraploid cells were of rare occurrence in the cell population of the 
Yoshida sarcoma, well-balanced polyploid cells being fewer in number than the un- 
balanced ones. Makino (1951, 1952), Makino and Kano (1953) and Yosida (1955) have 
shown that the stemline idiogram of the Yoshida sarcoma differs greatly from the 
normal idiogram of rat by containing V-, J- and rod-shaped elements among 40 
chromosomes. According to Tjio and Levan (1956), 5.4 percent of tumor cells in the 
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Yoshida sarcoma showed a 2s (tetraploid) chromosome constitution. Recently several 
sublines were established by Makino and Sasaki (1958) and Yosida (1959) from the 
original stock of Yoshida sarcoma, but they were characterized by a hypodiploid 
stemline. 

Chromosomes of the Takeda sarcoma of rats, a typical tetraploid ascites tumor, 
were observed by Yosida (1954); its chromosome-number mode was at 84. The stem 
cells were noticeable by containing one large J-shaped and two large V-shaped ele- 
ments. Simultaneous double inoculation with MTK-sarcoma II which is characterized 
by a hypodiploid stemline and Takeda sarcoma characterized by a near-tetraploid 
one was carried out by Tonomura (1954), and Makino and Tonomura (1955). Accor- 
ding to them the growth of Takeda sarcoma was completely inhibited by co-existence 
with MTK-sarcoma II 5 days after inoculation. According to Makino (personal com- 
munication) the chromosome number of the Takeda sarcoma decreased into near- 
triploidy in further transfer generations. So far as the author knows, a change of 
ploidy in the stemline chromosomes from diploid to tetraploid in rat tumors was 
reported by Usubuchi and Abe (1956) in the Hirosaki sarcoma. In striking contrast, 
however, the change from low to high ploidy was found rather frequently in mouse 
tumors by several investigators (Levan and Huaschka 1953, Hauschka 1953, 1956, 
Klein 1955, Sachs and Gallily 1955, Yosida ef al. 1959). 

The original strain of the Yoshida sarcoma used in the present study was found 
to contain tetraploid cells at 3.8 percent. They increased suddenly to 51.0 percent 
by transplantation into B-rats. The number of tetraploid cells gradually decreased 
after two or three transplant generations, and the population of tumor cells returned 
to the original condition. Here arises the question why the percentage of tetraploid 
cells could not remain at the high level in the course of transplant generations. 
According to Hauschka and Levan (1953) tetraploid tumors have less strain specificity 
than diploid tumors. It was shown by Yosida (1952) that in the Yoshida sarcoma 
polyploid cells increased in a heteroplastic transplantation. In the light of the above 
facts, it is expected that polyploid cells may have an opportunity to proliferate tem- 
porarily under immunologic hostile conditions. It was reported by Yoshida (1949) 
that the Yoshida sarcoma had developed originally in an impure albino rat. The 
transplantability of this sarcoma is higher to impure than to inbred rats. The rats 
of B-strain were established in the United States through brother and sister matings. 
The Yoshida sarcoma used in the present study was transplanted serially into impure 
rats for 829 transplant generations. It was transplanted into inbred B-rats in the 
author’s laboratory. Under new hostile conditions in the B-rat toward the tumor 
stem-cells, immunological selection might have occurred and as a results tetraploid 
cells might have increased in the new hosts. In the course of transplant generations, 


however, the proliferation capacity of the near-diploid stem-cells became again pre- 
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dominat over the tetraploid cells. 

In this connection, a study on chromosomes of 6C3HED tumor in mice by Hauschka 
et al. (1956) is interesting. According to them, this tumor was characterized by a 
near-diploid stem line during the transplantations into C3H strain, but when it was 
transplanted to DBA refractory mice near-tetraploid tumor cells markedly increased. 
After the tumor has been returned to the C3H home-strain, near-diploid tumor cells 
increased again returning to the original condition. It was explained by Hauschka 
that this phenomenon is due to immunoselection concerning a histocompatibility factor. 


The result obtained by the present author may be interpreted in a similar way. 


SUMMARY 


The Yoshida sarcoma was transplanted to Buffalo rats in the author’s laboratory. 
One of the rats developed a solid tumor in the peritoneal cavity in addition to an 
ascites tumor. The ascites tumor was characterized by a high percentage of tetra- 
ploid cells. They increased in number during a few transplant generations, but later 


gradually decreased. 

The majority of tumor cells in the near-diploid group had 40 chromosomes, while 
most of cells in the near-tetraploid group had 80 chromosomes. An idiogram analysis 
of the two groups revealed that the chromosome constitution of tetraploid cells was 
the result of duplication of the chromosome set of the diploid tumor cells. 

As the cause of the temporary proliferation of the tetraploid cells immunological 


selection is considered. 
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EXPLANATION OF FIGURES (Plates XXIV and XXV) 


Figs. 1-8. All are photomicrographs of tumor cells of the Yoshida sarcoma, caX1300. Figs. 
1 and 2, 40 chromosomes. Figs. 3, 5 and 8, 80 chromosomes. Figs. 6 and 7, 79 chromosomes. 
Fig. 4, 85 chromosomes. 

Figs. 9-13. Serial alignments of chromosomes in the Yoshida sarcoma cells. Figs. 1-2, 40 
chromosomes. Figs. 11-13, 80 chromosomes. Fig. 9 from Fig. 1. Fig. 10 from Fig. 2. Fig. 11 
from Fig. 8. Fig. 12 from Fig. 5. 
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CYTOCHEMICAL STUDIES ON TUMOR CELLS, V. 
MEASUREMENT OF DESOXYRIBONUCLEIC ACID (DNA) BY 
FEULGEN-MICROSPECTROPHOTOMETRY IN SOME HUMAN 

UTERINE TUMORS* 
YOSHIO OJIMA, NAOMICHI INUI and SAJIRO MAKINO 
(Kwansei Gakuin University and Hokkaido University) 

It is well accepted that desoxyribonuleic acid (DNA) is one of the important consti- 
tuents for the maintainance of cellular phenomena in the living body. It has been 
shown that DNA isan essential ingradient of the chromosomes, and plays an impor- 
tant role in the process of cell division. Recently, quantitative aspects of DNA in indi- 
vidual cell nuclei have been made clear through biochemical studies, particularly on 
the basis of cytophotometrical measurements of its amount with Feulgen stained 
materials. Further, many investigators have offered evidence indicating that there 
is an intimate correlation between DNA amount and chromosome number. McLeish 
(1959) summarized the data presented by several authors as follows: (1) under normal 
conditions the amount of DNA per cell is directly proportional to the chromosome 
number (Swift 1950a, b, Leuchtenberger ef al. 1954), (2) there occures a quantitative 
constancy in some cells (Boivin et al. 1958, Vendrely and Vendrely 1948, Ris and Mirsky 
1949), (3) the amount of DNA can vary within predicated limits according to ploidy 
and to the stage of chromosome replication or division (Swift 1950a, Walker & Yates 
1952, Patau & Swift 1953, Franzer & Davidson 1953), (4) some variations occur accord- 
ing to the metabolic activity of the cell concerned (Leuchtenberger & Schrader 1952, 
Roels 1954, LaCour et al. 1956, Evans 1956, Chayen 1958). 

It would be reasonable to expect that the amount of DNA could be influenced by 
physiological or pathological disturbances which strongly affect the entire cells. Most 
studies in that field indicate that in some cases the amount of DNA is the same in 
cancer and normal tissues (Mark & Ris 1949, Cunningham ei al. 1950a, b, Price 
& Laird 1950, Price et al. 1950, Metais & Mandel 1950, Davidson ef al. 1951a, b, 
Barder 1959). On the other hand, in some others, DNA amount per nucleus is higher 
in cancer tissues than in normal ones (McIndoe & Davidson 1952, Klein and Klein 
1951, Leuchtenberger et al. 1954). 

Results of the recent chromosomal studies of human tumors by Makino ef al. 
(1959), Ishihara (1959), Tonomura (1959) and some others have shown that the number 
of chromosomes is distributed in near-diploid and hyper-diploid ranges in many 


‘Supported partly by a grant-in-aid for the Fundamental Scientific Research from the Mi- 
nistry of Education (No. 9208 in 1960) and partly by a grant from the Damon Runyon Memo- 
rial Fund for Cancer Research to S. Makino (DRG-563). 
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uterine carcinomas. In the present study a comparison was made on the amount of 
DNA between malignant cells based on some uterine carcinoma and normal human 


tissue cells. 

Cordial thanks are offered to Dr. Akira Tonomura for supplying unpublished chromosomal 
data with important advices. Gratitude is extended to Professors G. Ogawa, Y. Okuda and 
J. Mikami, Hokkaido University Hospital, through whose generosity the greater part of the material 
herein employed was supplied. The authors are also obliged to Dr. H. Tsukada, Sapporo 
Medical College, for histopathological examinations of the materials used. 

Material and Methods: In this investigation, eight human uterine tumors and one specimen 
of normal tissue from the liver of an eight months embryo as a control were used as material. 
Some clinic and pathologic data of tumors here under study are listed in Table 1. They were 
obtained directly from the patient immediately after removal of the tumors by operation. 


Table 1. List of eight human uterine tumors under study, with 


a summary of clinical and pathological data. 








Tumor Age | Clinical diagnosis Pathological diagnosis 
Uterine carcinoma | 

No. 1 46 Uterine carcinoma Squamous cell carcinoma 
„ No. 2 50 Carcinoma portionis 2nd ヶ 
7 No. 3 47 Uterine carcinoma Basal cell carcinoma 
7 No. 4 56 Carcinoma portionis Squamous cell carcinoma 
„ No. 5 56 Corpus carcinoma Cylindrical cell carcinoma 
„ No. 6 61 Carcinoma cervicopor- Adenocarcinoma 

tionis 2nd 

„ No. 7 48 ヶ Squamous cell carcinoma 


ヶ No. 8 40 | Carcinoma portionis 2nd | ヶ 





The tissues were fixed with Carnoy’s acetic alcohol solution for 60 minutes. Sections were 
made eight to ten micra in thickness suitable for microspectrophotometry ; the slides were sub- 
jected to the Feulgen reaction according to the standard procedure after Stowell. The methods 
of measurement of absorption were essentially similar to those of Pollister and Ris (1947), 
Pollister and Moses (1949) and Leuchtenberger (1950). For histological studies, tissues were fixed 
with 10 per cent formalin. The sections were prepared according to the usual paraffin method 


and colored with Delafield’s hematoxylin followed by counter staining with eosin. 
RESULTS 

The results of DNA measurements in individual nuclei of the primary human 
uterine carcinoma as well as of the normal embryonic liver here studied are as shown 
in Figure 1. In Table 2 are presented the variation of DNA values in relation to 
chromosome numbers. 

It is evident from Figure 1 that there is a remarkable constancy of DNA content 
in somatic cells from the embryonic liver here examined, since the average value 
is approximately 33.0 to 33.5 in arbitrary units. A major mode is represented at 
approximately 50 per cent of the essential value. There is a small scatter of values 
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Table 2. 


DNA data obtained. Chromosomal data were supplied by Dr. A. Tonomura. 


List of eight human uterine tumors under study, with a summary of 








Major range of | 


| Modal number 


| 








Tumor] Dea mt OF | chrom. no. | chroma "| from chrane, | fron DNAS 
variation | 
No. 1 | 42.90+14.84 ーー ーー ーー Hyper-2n 
No. 2 | 42.32+ 6.99 | ーー _ = ヶ 
No. 3 | 42.48+ 4.91 | ーー ー ー ク 
No. 4 | 45.04412.15 | — | — — Hypo-3n 
No. 5 | 41.50+:12.37 | 48-66 | 50 Hyper-2n Hyper-2n 
No. 6 | 36.93-10.39 | 58-87 | 66 & 75 Hypo-3n Near-2n 
No. 7 | 78.33+4:19.55 | 54-100 | 83 Hypo-4n Hyper-4n 
No. 8 | 77.41+20.45 | 50-100 | 62 Hypo-3n | ヶ 
33.214. 9.80 | —_— | — — | prob. 2n 


Control 





around the mode: it is probably due to metabolic and mitotic activity of cells. The 
average value here obtained is tentatively regarded to be-a 2n-value and is taken 
as control. 

It can be seen from the histograms presented in Figure 1 that the DNA contents 
of uterine carcinomas show a wide variation in contrast to those of normal embryonic 
tissue. With respect of DNA values, the tumor are grouped into three categories 
as follows: 

The first group (no. 6) has a DNA value which is slightly higher than the 2n-value 
of the normal tissue and lies in a near-diploid range (36.93+10.39). The modal peak 
of DNA value in this tumor shows over 50 per cent with a slightly narrow deviation 
(+10.4). 

The second group (no. 1, no. 2, no. 3, no. 4 and no. 5) is characterized by DNA 
values approximately 30 per cent higher than the 2n-value. The values lie generally 
in hyper-diploid region. The modal peaks are fairly remarkable in a hyper-diploid 
range (over 30%); the deviations show a larger scatter than the first group. 

In the third group (nos. 7-8) the value of DNA shows a wide spread in the standard 
deviation (+20) : some of the cells have DNA contents which are significantly higher 
than the 2n-value lying in a hypertetraploid region. 

A direct relationship between the chromosome number and the DNA contents of 
tumor cells is shown in table 2. From this table the two specimens, Nos. 7 and 
8, were evidently estimated to have DNA values which differ very slightly from each 
other and show nearly similar chromosome variations. Also it is noted that no. 6 
has a DNA value lying at a near-diploid range, while the chromosome ranges show 
a hypo-triploidy. As a whole it is apparent that all the primary uterine carcinomas 
here considered show cells carrying DNA contents which vary markedly. But it 
may be suggested that the frequency distribution of DNA contents in tumor cells of 
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N’=100 Uterine carcinoma No.5 
60 Mean am't of DNA=33.21+9.8 60 fF N =60 : ’ 
” Me ol. of le 3 =141.7+30.7 Mean am't of DNA=41.50+ 12.37 
= 50 Br EN 8 © 50 Mean vol. of nuclei in #? = 144.8+ 41.1 
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= 30 = 30 
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Uterine carcinoma No.6 
N = 60 R 
2 Mean am't of DNA = 36.9 + 10.39 
60 Uterine carcınoma No] 60 Mean vol. of (nuclei in #2 = 127.2+ 36.8 
N = 60 - sol 
s OF Mean am't of DNA=42.90+ 14.84 ‘2 
で て Mean vol. of nuclei in „u? =136.7+ 38.8 3.40 
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る 30 S 30F 
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Uterine carcinoma No.2 . 
60F N° = 60 60 | Uterine carcinoma No.7 
Mean am't of DNA=42.32 +6.99 N 60 B 
< 50F Mean vol. of nuclei in ¢* = 192.64 43.9 z 50F Mean am't of DNA = 78.33 + 19.55 
て で て Mean vol. of nuclei in a’ = 235.4+174.1 
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2 20 
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に N 3 : 00 Uterine carcinoma No.8 
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3 Mol of meelel ina? =121.5239.0 2” Mean am't of DNA = 77.41 + 20.45 
= en ws 3 と = 40 Mean vol. of nuclei in / 318.1 エ 61 .1 
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Am't of DNA (in arbitrary units 
erine cinoma No.4 
60 N 60 ‘ 7 R ? 
ar Mean am't of DNA=45.04 に Fe ii Fig. 1. Nine histograms indicating rela- 
= Me l.of nuclei in # 201.3+ 49 5 3 ig 
Pr tive amounts of DNA in one specimen of 
en | the normal embryonic liver and eight uterine 
0 carcinomas, 
4 IX ge【 り 
Amt of DNAlın arbitrary units 


the uterine carcinomas here concerned tends to correspond in value to the chromo- 
some-number frequency irrespective of the pathological diagnosis of the tumors. It 
is remarkable that four out of the eight tumors here studied showed DNA value at 
a hyper-diploid range. 
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DISCUSSION 


Cytophotometric data have recently shown that there is a constancy of DNA- 
amount per nucleus in parallel to that in the number of chromosomes. Working 
with DNA measurements of rat tissues, Swift (1950a) found that the amount of DNA 
per nucleus was approximately the same in the liver, pancreas, lymphocytes and 
some other parts. To verify the above view, supplementary data have been accumu- 
lated by many authors (Ris & Mirsky 1949, Leuchtenberger ei al. 1951, Franzer & 
Davidson 1952, Swift & Kleinfeld 1953, Makino et al. 1958). But, some other authors 
have presented data which suggest a variation of the amount of DNA in the nucleus 
under the influence of physiological and pathological disturbances. For instance, 
Leuchtenberger ef al. (1954) made a comparative study of DNA contents between the 
normal and malignant tissues in variosus types of tumors. They found that the 
DNA content showed a certain but limited degree of variation from cell to cell in 
normal tissues, while in malignant tissues it showed a wider scatter from cell to 
cell than do normal cells. They also showed that in malignant tissues the amount 
of DNA per cell was much larger than in normal cells. Atkin and Richard (1956), 
and Barder (1959) found that in normal tissues the DNA content was almost cons- 
tant, while in malignant tissues the DNA value showed a considerable variation and 
was higher than in the control. 

Data presented from the present study have shown that in non-malignant cells 
measured DNA values vary rather slightly and show a basic mean value which lies 
between 30 and 40 in arbitrary units. In uterine tumors so far studied in this 
investigation, however, the amount of DNA showed a slight increase over the basic 
value. Further, it has been found that four out of eight tumors under study showed 
a DNA value lying in a hyper-diploid region, one in a near-diploid range, and the 
remaining three in a high ploidy range. The evidence prssented is interesting in 
reference to the recent reports that in many uterine carcinomas the stemline num- 
bers are distributed in near-diploid and hyper-diploid ranges (Makino ef al. 1959, 
Tonomura 1959). Further, the data obtained here from DNA-measurements signifi- 
cantly supplement the hypothesis of stemline cells as progenitors of the growth of 
tumors (Makino 1957). There was no correlation between the DNA-value and the 


pathological property of the tumor. 


SUMMARY 


A microspectrophotometric study of the DNA content was made in one specimen 
of normal tissue and in eight human uterine carcinoma tissues. The results are 
shown in Table 2. 


The normal liver tissue contained cells with a basic mean DNA content at 33.1 to 
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33.5 arbitrary units, showing a certain but limited degree of variation from cell to 


































cell. Malignant tissues showed a much larger scatter of DNA-value from cell to cell 
than occurred in normal tissues. Four out of eight uterine carcinomas showed a DNA 
value lying in a hyperdiploid range. Generally, the DNA value of uterine carcinomas 
here considered tends to correspond to the stemline chromosome-number in each. 
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A STUDY ON THE RELATION OF SOME METALS IN 
MELANOTIC TUMOR FORMATION IN 
DROSOPHILA FLIES* 


TAKEHARU KANEHISA 
(Biological Laboratory, Kobe University, Kobe) 


Genetic and physiological studies have shown that ‘‘ melanotic tumor’’ in Drosophila is intimate- 
ly related to tryptophan metabolic pathway connected with the appearance of brown pigment in 
the eye, with a suggestion that the mechanism of the formation of the character must be con- 
sidered through the tyrosine-melanin approach (Kanehisa 1956 a, b, 1957 a, b). The present 
investigation deals with an attempt to learn if there is any relation between metal accumulation 
and melanotic tumor formation. The author is greatly indebted to Professor D.F. Poulson, Yale 
University, Professor Hideo Kikkawa, Osaka University, Dr. V.T. Bowen, Yale University and 
Professor Sajiro Makino, Hokkaido University, for their keen interest, and various sorts of 
help in the carrying out the present work and their valuable criticisms. Thanks are also given 
to Dr. J.E. Sang, Poultory Research Center, Edinburgh, for his advice on metal analysis and 
synthetic media. 


MATERIALS AND METHOD 


Fifty sterized, normal shaped egges were collected within 4 hours after laying, in each strain 
of Oregon R, bw, v, st, tu, bw tu, tu and tu st strains which were based on genetical matings 


‘ ” 


(Kanehisa 1956 a, b). Each lot was placed in a ‘“‘creamer’’ containing 5 ml synthetic media. 
Table 1 shows the components aed quantity of the synthetic medium used here which is a slight 
modification of Sang’s formula (Sang 1956). To maintain a constant humidity in a creamer, the 
cups were completely sealed with celophane tape. They were kept at 25+1°C ina refrigerator. 
The viability and melanotic tumor-incidence of flies were examined by flies which emerged in 
each creamer. On the other hand, the dry metarials of pupae from synthetic media were ashed 
by ‘‘ wet ashing ’’ method and analyzed by a modification of Fisher’s method (Fisher 1934, 1937): 
the amouns of hydrochloric scid, sulfuric acid, perchloric acid and water for wet ashing were 
regulated to a constant in each step of heating, and the samples were completely ashed in an 
electric oven under a constant temperature (160°C in the surface of oven and 200°C in the 
micro-Kijeldahl flask) for a certain number of hours to avoid she risk of evaporation of metals 
by means of heating in acid-solution (some data regarding such a risk will be published in 
another paper). One tenth of the volume of the ashing solution was used for analysis of iron 
with 0.5% a-a dipiridile solution after addition of 10% ammonium citrate, at pH 3.5 with the 


use of 2M sodium acetate. To prevent the formation of precipitates of iron, aluminum and 


* The present investigation was carried out at the Osborn Zoological Laboratory, Yale Univer- 
sity with financial support from the National Science Foundation for 1956-1957, through the 
courtesy of Dr. D.F. Poulson. The essential results were reported before the Xth Internatio- 
nal Congress of Genetics held in Montreal, Canada in 1958. 
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Table 1. Medium used for experiments. 








Components Quantity Components Quantity 
Ager (Oxoid, Kobe no. 1) 2 Folic acid | 0. 00006 
Casein (vitamin free) 5 Choline | 0.004 
Fructose 1 0.75 NaHCO, | 0.126 
Cholesterol | 0.015 FeSO,, 7H,O | 0.002 
Lecithin 0. 20 CaCl, | 0.002 
R.N.A. (staye) 0. 40 MgSO, | 0.002 
Thiamine 0. 0002 MnSO,, 4H,O | 0.020 
Riboflavine | 0. 0002 NaCl | 0.002 
Nicotinic acid | 0.0001 KH,PO, 0.183 
Ca-pantothenate | 0.0003 Na,HPO, 0.189 
Pyridoxine | 0. 00004 Water to 100 ml 
Biotin | 0.000006 OIE TSI ee = 


Method of analysis of copper, 
as that of Kikkawa and Ogita 
A Beckman-spectro- 


other metals, 20% ammonium citrate was used for ashing saples. 
molydenum and nickel of this solution was almost the same 
(1956). 


photometer was used for quantitative analysis of metals. 


The general procedure of the analysis used is given in Scheme 1. 





Scheme 1. 


Analytical Method 


Dry Material 


by wet a shing 





Ash Sol. 
Re: 
10 | | 10 
| in PH. 3.5 | in PH. 8.7 & 9.8 
by H.D. | by Di. 
Fe | | 
C Cl, Layer Water Layer 
ee | by K SCN 
Cc Cl, Water Mo 
| in PH. 9.2 | 
| by D.D.C. 4 J 
Cu 2 2 
| in PH. 5.5 | in PH. 8.5-9.0 
| by N.C by D.G. & Abids 
Co Acidic 
Ni Sol. 


H.D.: 


Nitroso-cresol 


Hydroquinone & dipiridil. D.D.C.: 
D.G.: Dimethyl-glyoxime 
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Sodium-diethyl-dithiocarvamate. 


| 
| by Alkalien 


i 
Neutral or 
weak alkalic 
Ni Sol. 
| 
| by D.G. 
Ni 


Di: Dithizone. N.C: 











RESULTS AND DISCUSSION 


Viability of flies and melanotic tumor-incidence: The results of observations of 
viability of flies and melanotic tumor-incidence are shown in Table 2. From the 
table, it is evident that each melanotic tumor incidence of the tumor strains was 
approximately the same as the one shown from the regular medium, that the melanotic 


Table 2. Viability and ‘‘ melanotic tumor’”’ -incidence of tumor and 


non-tumor flies in D. melanogaster from a synthetic medium. 








Viability (%) “mel. tu.” -incidence (%) 
tu 52 (416/800) 51 
bw tu 54 (432/800) 56 
v tu 65 (435/750) 72 
tu st 67 (536/800) 93 
= 79 (603/800) 
a = 
” 人 tu, bw tu< try. tu* 
v 71 (520/800) 
st 73 (560/800) 





a ーー (with 9522 Confidence Interval) 
non-tu tu 


‚bw try. + Viab. 


tu, bw tu try. tu Decreased viability ratio 








try. non. fu>try. tu<non. try. non. fu>non. try. tu 


* means tumor strains with genes related to tryptophan metabolism concerning brown pigment formation 


tumor-incidence of the tumor strains with genes related to tryptophan metabolism in 
brown pigment formation of eye (2 tu, tu st) is relatively higher than that of the 
tumor strains having no such genes (fu, bw tu), further that viabilities of the tumor 
strains are relatively lower than those of non-tumor strains, and that viabilities of 
v tu and tu st flies are higher than those of tu and bw tu flies because the viabilities 
of non-tumor strains with the gene related to the tryptophan metabolism (v, st) are 
lower than those of non-tumor flies (wild, bw). Taking up the ratio of decreased 
viability between non-tumor and tumor strains, the decreased ratio of non-tumor 
strains with v or s¢ genes to tumor strains with v or s/ is lower than that of non- 
tumor strains without v or sf to tumor strains without v or sf genes. It seems 
therefore that tumor formation itself is related to ‘“ lethality’ of the flies, and that 
the tryptophan metabolism is related to increaseing viability through melanization. 
These results support those of some previous observations reported by Glass ef al 
(1957) and Kanehisa (1957a). 

Metal analysis: Table 3 shows the metal content in the medium (5ml). The 
metal contents in tumor and non-tumor flies are shown in Table 4, (I) and (II). As 


clearly shown in these data, copper contents in flies of the melanotic tumor strains 
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are approximately parallel to the order of their tumor-incidence ; namely, the higher 


the melanotic tumor-incidence, the greater the copper content. 


Fe 
Cu 
Mo 
Ni 


7 


(cf. Table 5, (I)’ 


Table 


Fe 
Cu 


1072 
265 


25 


r/gr.w. 


3. 


188.0r 


Metal contents in 


the medium (5m/.) 


st 








204 


and (II)’). 


28.0 
11.8 
4. 1 
3:7 
Table 4. 
bw の 
550 555 
248 240 
121 235 
170 145 
574 536 
232 225 
106 199 


189 


301 
265 
177 
160 


220 
231 
157 
139 


This evidence should 


be considered as a secondary result 


following melanization, rather than 


following tumor formation itself. 


To 


see the relation of metal incorpora- 


tion between non-tumor flies and 


tumor flies, the ratio of metal contents 


was measured in both types of flies 


118 


| bw tu 


Metal contents in tumor and non-tumor flies (I). 





| の tu tu st 
230 | 84 129 
220 | 235 247 
149 | 101 115 
154 | 100 114 
(II) 
219 52 96 
197 210 228 
172 | 132 144 
159 | 


It is significantly clear from the table that copper, 


molybdenum or nickel incorporation is relatively higher in comparison with the 


amounts of iron in melanotic tumor formation. As to relative amount of molybdenum 


to copper, there is an opposite relation between the change of wild, or bw into tu 


or bw tu and that of v, or st to v tu, or Zu st. 


Namely in the former, the accumu- 


lation of molybdenum is higher than that of copper, while an opposite relation is 


seen in the latter. 
relation to that of molybdenum. 


Table 5. The uptake relation between each metal into ‘‘ mel. tu.” (I’) 


Cu/Fe 


Cu/Ni 
Cu/No 
Ni/Fe 
Mo/Fe 
Mo/Ni 


+/tu 


0.3* 
3. 


N 


ら っ らら 
lee te So 


bw/bw tu 
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らら らら 
IS wo 中 WO 中 9 


の 


v tu 


0.1 
0.7 
0. 4 
0.3 


| 
| 
| 


Further, the quantity of nickel accumulation shows a coupling 
It is strongly suggested from these results that 


st/tu st 


| ビ ら らら らら | 
| th5 - コ つの の 〇 = | 


| 











(Ir) 

















Cu/Fe | 0.7 | 0.4 | 0.1 | 0.4 
Cu/Ni | 4.8 | 0.9 | 0.6 | 0.7 
Cu/Mo | 7.1 | 2.0 | 0.7 | 0.8 
Ni/Fe | 0.2 | 0.6 | 0.2 | 0.6 
Mo/Fe | 0.1 | 0.3 | 0.2 | 0.5 
Mo/Ni 0.8 | 0.5 | 0.9 | 0.9 
* _Cu/Fe (+) _ non-tumor—>tumor Fe*\/ Cu, Mo, Ni 
Cu/Fe (tu) 

+ fu 

bw —>bw tu } Cu\/ Mo/" Ni 

try. —-try. tu Cu っ Mo っ Ni 


molybdenum or nickel also has an intimate relation to tumor formation itself in some 
way. It was reported that melanotic tumor-incidence was increased by addition of 
tryptophan to the culture medium (Mittler 1952, Hinton e¢ al 1951, Hartung 1951, 
Friedman et al 1951, Plaine and Glass 1955, Kanehisa 1956, and others), and that 
tryptophan metabolites like 3-hydroxy-kynurenine xanthurenic acid and others which 
are related to brown pigment formation of the eye are intimately related to melanotic 
tumor formation (Kanehisa 1957a). Glass (1957) suggested that 3-hydroxy-kynurenine 
is intimately related to melanotic tumor formation. Further, Glassman (1957) reported 
that melanin-like pigment was produced by the combination of aromatic amine com- 
pounds like kynurenine and 3-hydroxy-kynurenine with quinones iz vitro. On the 
was induced in wild 
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other hand, Hartung (1955) showed that “melanotic tumor 
flies of D. melanogaster and non-melanotic tumor strain in D. virilis (Maruyama) 
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Scheme 2. Possible relations in tryptophane metabolic way, tyrosine-melanin meta- 


bolism and tumor formation in Drosophila 
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through the treatment with indole-acetic aceid. The auther (1955) also found tumor- 
like melanotic mass in D. virilis flies in Maruyama strain after the same treatment. 
Such abnormal masses were also found to occur in v bw tu, cn bw tu and bw tu st 
flies based on genetical matings (Kanehisa 1955). From the data obtained from the 
present investigation and some other tumor studies, it is apparent that, in the event 
where brown pigment can not be formed, both melanotic tumor-incidence and via- 
bility of flies are higher and the absorption rate of molybdenum or nickel is lower, 
than in the case were brown pigment can be formed. Then, it seems probable that 
the increase in volume of tryptophan or tryptophan derivatives related to brown 
pigment formation causes higher tumor-incidence in parallel to the accelation of 
melanization. A possible illustration to show the above relationship is presented in 


Scheme 2. 
SUMMARY 


1. Quantitative measurements of some metals (Cu, Fe, Mo and Ni) were made in 
pupae of tumor and non-tumor strains (Oregon R, bw, v, st, tu, bw tu, v tu and tu 
st) of Drosophila melanogaster with the use of synthetic medium through the metal 
analysis with the acid-ashing treatment. Viability of flies and their melanotic tumor- 
incidence were also examined. 

2. It is shown that tumor formation itself is related to “lethality’”’ of flies and 
that the tryptophan metabolism in relation to brown pigment formation in the eye 
is associated with increasing viability through melanization. 

3. From the results of metal analysis it is strongly suggested that Mo or Ni has 


an intimate relation to tumor formation itself in some way. 
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STUDIES ON THE NATURE OF BINDING OF CARCINOGENIC 
AMINOAZO DYES WITH LIVER PROTEINS. V. INCORPO- 
RATION OF N-METHYL CARBON INTO 
THE POLAR DYE 


HIROSHI TERAYAMA, AKIRA HANAKI* and MORIZO ISHIDATE 
(Department of Biophysics and Biochemistry, Faculty of Science, and Faculty of 
Pharmaceutical Science, University of Tokyo) 


INTRODUCTION 


Recent studies have shown that the hepato-carcinogenic azo dye such as 4-dimethy- 
laminoazobenzene (DAB) is bound through a rather stable chemical bond to certain 
liver proteins of experimental animals susceptible to the azo dye carcinogenesis 
regardless of the modes of the administration (1). The very intimate relationship 
appears to exist among the potencies of the carcinogens, the susceptibility of tissues 
and/or species of the experimental animals, and the dye protein binding (2). 

Thus the discovery of the chemical binding of the carcinogenic aminoazo dyes with 
liver proteins gave rise to many important investigations on the properties and 
structures of the bound dyes, mode of the binding, and nature of proteins responsible 
for the binding etc., with a hope of getting some clues to the mechanism of carcino- 
genesis. 

In the previous papers (3) (4), Terayama ef al. have presented assumed formulas 
for the chemical structure of polar dyes. The main features of the structures are 
as follows: 

a) The position of the binding at the aminoazo dye moiety is probably position 
3 instead of position 2 as suggested by Miller ei al. (5). 

b) Amino group at position 4 is a mixture of primary and secondary amino groups 
but not a tertiary amino group (dimethylamino) as suggested by Miller ei al. 

c) As an amino acid residue responsible for the binding, tyrosine was assumed 
to be involved, mainly based on the strong positive Folin-Ciocalteau’s test as well 
as the ultraviolet absorption spectra. 

d) The nature of the bridge which binds the dye with the amino acid residue was 
tentatively assumed to be either methylene or oxymethylene (4). The incorporation 
of N-''C-methyl carbon of monomethylaminoazobenzene (M*AB) into the polar dyes 
as well as the necessity of the presence of at least one metabolizable N-methyl 
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group (2) seem to support the present view. 

In order to estimate the incorporation of the N-methyl carbon into the polar dyes 
quantitatively, we have to be able to know the exact concentration of the polar dye 
solution. Since available amount of the polar dye is so small and as yet not ob- 
tained in a crystalline form, the calculation of the concentration has to be done by 
other conventional methods. The measurement of the optical absorption at 520m» 
or its vicinity is convenient for the purpose if we know the molar extinction coefficient 
of the polar dye in advance. The present investigation is partly concerned with the 
estimation of the molar extinction coefficient of the polar dye. 


EXPERIMENTAL 


1. Synthesis of 4-N-'‘C-methylaminoazobenzene. 4-N-'‘C-methylaminoazobenzene 
(M*AB) was prepared by the reaction of ''C-methyl iodide with 4-aminoazobenzene 
(AB). A mixture of labelled mono and di-methyl aminoazobenzene thus prepared 
was then fractionated chromatographically into each component. 

A mixture consisting of 3.5 m moles of ''C-methyl iodide (0.8 mC) and 20 m moles 
of AB dissolved in 40 ml of methanol was heated at 55°C for 20 hours in a sealed 
tube. After the reaction, methanol having a slight excess of ammonia to neutralize 
hydroiodic acid liberated during the reaction was added to the reaction mixture. 
The solution was then evaporated to dryness under reduced pressure. The mixture 
of dyes was dissolved in petroleum ether (bp, 60°-80°) and subjected to the chro- 
matography using the Brockmann’s alumina column and benzene-petroleum ether 
mixture as an eluent. Each one of the separated components was evaporated and 
rechromatographed. The pure M*AB fraction thus obtained was evaporated under 
reduced pressure in a nitrogen atmosphere. The yields were 2.8 m moles for M*AB 
(specific radioactivity 9.09x 10'’ cpm/mole) and 0.2 m moles for D*AB. 

2. Synthesis of 4-N-dimethylaminoazo-''C-benzene. 4-N-dimethylaminoazo-"'C- 
benzene (DAB*) was prepared by coupling the diazonium salt from 'C-aniline with 
dimethylaniline. 0.48 m moles of aniline sulfate was diazotized with a slight excess 
of NaNO,. The diazonium salt was then coupled with two times as much amount 
of dimethylaniline. The solution was neutralized with sodium acetate and redissolved 
in light petroleum ether and subjected to the alumina column chromatography as 
described above. The yield of DAB* was 0.45 m moles (specific radioactivity 9.20 
x10"? cpm/mole). The strongly radioactive aminoazo dyes thus prepared were diluted 
appropriately with the corresponding nonradioactive dye before use. 

3. Preparation of the Radioactive Polar Dye. 25mg of either M*AB or DAB* 
dissolved in one ml of olive oil was administered by a stomach tube. The rats thus 
treated were sacrificed two to three days later, and polar dyes were prepared from 
the liver hydrolyzed enzymically (3). 
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The crude polar dyes mixture in 2 N HCl was subjected to the Amberlite IRC-50 
(H-type) column chromatography and eluted with 60% ethanol. The major fraction 
named Fr. 2 was collected (3). This was rechromatographed and used for the optical 
absorbance and radioactivity measurements. 

4. Spectral Measurement. The optical absorption in the visible and ultraviolet 
region was measured with the Shimazu’s spectrophotometer model-QB 50. 

5. Radioactivity Measurement. The radioactivities of the specimens were measur- 
ed with a Tracer Lab. gas flow counter using Q gas. 


RESULTS AND DISCUSSION 


1. Absorptionspectrum of the Polar Dye Fr. 2 (Enzymically prepared). Fig. 1 
shows the absorption spectrum of a sample of the enzymically prepared polar dye 
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(Fr. 2) in 2 N HCI-50% alcohol solution. A rather simple absorption curve in the 
visible region, having an absorption max. at 520 my or its vicinity, was obtained. 
The absorption at 520 my therefore was used as a key absorption for the estimation 
of the polar dye. As shown by the rather high absorption in the region below 300 
my the material is considered to be still somewhat contaminated. 

2. Molar Extinction Coefficient of the Polar Dye. Terayama ef al. reported (6) 
that the similar polar dyes could be obtained from the liver of rats not withstanding 
either one of DAB or MAB was fed. The Fr. 2 polar dye prepared from liver of 
rats fed DAB* labelled in benzene ring, is considered to retain its radioactivity 
unaltered. The specific radioactivity of the polar dye therefore should be equal to 
that of the original DAB*. This principle was utilized for the estimation of the 
molar concentration of the polar dye solution. 

The following relationship must be held among the observed optical density, 
radioactivity of the polar dye solution and the molar extinction coefficient of the 
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polar dye. 
Extinction coefficient of the solution _ Molar extinction coefficient 


Radioactivity of the solution (cpm/1) ‘Spec. radioactivity (cpm/mole) 
The speciffic radioactivity of the polar dye derived from DAB* should be equal 
to that of the administered DAB*, i.e. 3.0610! cpm/mole in this case. The molar 
extinction coefficient of the polar dye Fr. 2 is therefore expressed in the following 





equation : 
Extinction coefficient of the solution 
Radioactivity of the solution (cpm/1) 


The optical absorption measurement was carried out at 520 m.: wave length. The 
results of the measurements are shown in Table 1. The average value of the molar 


3.06 x 10'° (cpm/mole) x 


Table 1 Molar Extinction Coefficient of Polar Dye Fr.2 obtained 
after DAB* (3.06 10!° cpm/mole) Administration. 





Sample No. Extinction coefficient Radioactivity of | Molar extinction 
| of solns. at 520 my solns. (cpm/1) coefficient 
1 0. 067 6. 97 x 104 | 29, 500 
2 0.078 7:30X10* | 32, 800 
3 0.105 1.10x 10° | 29, 200 
4 0. 056 5.18x 104 33, 100 
5 4.39 x 10? | 35, 600 


0. 051 





| Ave. 32, 000+ 2, 000 


extinction coefficient of the polar dye Fr. 2 (prepared enzymically) was calculated 
to be 32,000+2,000. This value seems to be a little too small compared with the 
molar extinction coefficient of the structually related MAB which has a value of 
45,000 as the molar extinction coefficient at the max. absorption under the same 
conditions. The polar dye Fr. 2, prepared as described in the previous papers and 
used in this experiment, might still be a mixture of the related polar dyes. The 
possibility is being under investigation using paper chromatographic and paper 
electrophoretic techniques. 

3. Incorporation of N-methyl Carbon of MAB (labelled in N-methyl carbon) into 
the polar Dye Fr. 2. The polar dye Fr. 2 prepared in the same way as described 
above from liver of rats administered M*AB was investigated on the specific radio- 
activity to get the information of the incorporation of the N-methyl carbon into the 
polar dye moiety. From the result of the measurements of radioactivity and the 
absorption at 520 mz and of the calculation using 32,000 as the apparent molar ex- 
tinction coefficient of the polar dye Fr. 2, the specific radioactivity of the polar dye 
Fr. 2 was shown to be 8.61 10'° cpm/mole (Table 2). This value was almost equal 
to that of the original M*AB administered (9.09 x10!° cpm/mole). 

It can be concluded therefore that in the course of the protein binding of the 
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Table 2. Specific Radioactivity of Polar Dye Fr.2 


obtained after M*AB Administration. 





Radioactivity of the Molar extinction Spec. radioactivity 





Substance | ng 2) which is 2 (cpm/mole) 
= / 
M*AB 2020 x 103 45, 000 9.09 x 10! 
Polar dye | 2690 x 10° 32, 000 8.6110! 


Fr.2 





E: extinction coefficient 
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in vivo protein binding 
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Fig. 2. Major Component of Polar Dye Fr. 2 
aminoazobenzene derivatives iz vivo the N-methyl carbon of the dye is retained in 
the polar dye molecule without any serious loss. 


The results obtained in this study may indicate that the previous assumption for 
the mode of polar dye formation as described in Fig. 2 is very plausible. 


SUMMARY 


1. Apparent molar extinction coefficient of the polar dye Fr. 2 was obtained as 
the result of experiment using radioactive polar dye derived from the nuclear labelled 
dimethylaminoazo-''C-benzene administered. A value of 32,000+2,000 as an apparent 
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molar extinction coefficient for the polar dye Fr. 2 was obtained. 
2. Using this value, the incorporation of N-'‘C-methyl carbon of M*AB into the 


ー・ 


polar dye Fr. 2 was estimated quantitatively. The results showed that the N-methyl 


carbon ('‘C) of M*AB is fully retained in the polar dye Fr. 2 without any serious 


loss during the binding with proteins iz vivo. 
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STUDIES ON THE NATURE OF BINDING OF CARCINOGENIC 
AMINOAZO DYES WITH LIVER PROTEINS. VI. REDUC- 
TIVE DECOMPOSITION AND HETEROGENEITY 

OF THE POLAR DYE Fr. 2 AND SUB-Fr. 2 


HIROSHI TERAYAMA and SHOICHI KANDA* 


(Department of Biophysics and Biochemistry, Faculty of Science, University of Tokyo) 


INTRODUCTION 


In the previous paper (1), a method has been reported to estimate the exact molar 
extinction coefficient of the polar dye Fr. 2, using the nuclear labelled 4-dimethy- 
laminoazobenzene (DAB*) as the mother substance. A value of 32,000 was obtained 
for the polar dye Fr. 2 as the molar extinction coefficient. This value, however, 
seems to be a little too small compared with 45,000 for MAB which is considered 
closely related structurally. A suggestion was made as to the heterogeneity of the 
polar dye Fr. 2, which was prepared enzymically and purified by the column chro- 
matography using IRC-50 (H type) and 60% alcohol as eluent. 

In order to determine the concentration of the polar dye and thus to obtain the 
molar extinction coefficient of the polar dye, another approach was tried. This method 
was previously employed by Miller et al. to estimate the molar extinction coefficients 
of the crude polar dye materials derived from various aminoazo dyes (2). 

According to the result by Miller @7 al., aniline which was split off from the polar 
dye molecule after the reductive decomposition of the azo group with tin in 
hydrochloric acid was recovered quantitatively by steam distillation. If this is true 
as stated by Miller ef al., the estimation of aniline from polar dyes should give the 
exact concentration of polar dye solutions. 

As described in the experimental part of this paper, the authors tried this approach 
to estimate the molar extinction coefficient of the polar dye after the satisfactory 
recovery of aniline from pure aniline or aminoazo dyes had been confirmed using the 
same procedures. As the result we obtained a value of 4.610‘ as the molar extinc- 
tion coefficient of the polar dye Fr. 2. 

This value is higher than the value (32,000) previously obtained for the radioactive 
polar dye. The discrepancy between the two values obtained by the different methods 
has facinated us and compelled us to do a further study on the heterogeneity of 
polar dye Fr. 2. Using paper chromatographic and paper electrophoretic methods, 
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the polar dye Fr. 2 was shown to be consisted of at least three components: a major 
component having an absorption max. (Q band) at 524my and the two minor compo- 
nents having absorption max. at the vicinity of 540 my and 500 my respectively. 


EXPERIMENTAL 


1. Preparation of Polar Dye. 25mg of DAB dissolved in 1ml of corn oil was 
administered by a stomach tube to albino rats weighing 150g. The animals were 
sacrificed 65 hours later, and the liver was treated in the same way as described 
in the previous papers (3) (4), including the enzymic hydrolysis. The crude polar 
dye mixture dissolved in 2 N HCl was subjected to the column chromatography using 
IRC-50 (H-type). The eluates with 60% alcohol were named Fr. 1, Fr. 2, Sub-Fr. 
2and Fr. 3. Fr. 1 appeared to be contaminated and was rather a small component 
and was not examined in the present study. Fr. 3, which is also a very small 
component under the experimental conditions (intragastric administration of a great 
amount of N-dimethyl aminoazo dyes), was eluted very slowly after the separation 
of Fr. 2 and Sub-Fr. 2, and was not examined in this study either. Fr. 2 and Sub- 
Fr. 2, both having the absorption max. at 524my or its vicinity (Q band) in 2N 
( LA 
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1 Er.2 


| N ロ し Sub-Fr. 2 
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Fig. 1 Elution Curve of DAB Polar Dyes (60% alcohol) 


HC1-50 alcohol, showed almost 
similar nature so far as the spect- 
ral and HNO, test (3) (secondary 
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amino type) are concerned. 
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These two fractions were the 
main subjects of ‘study in the 
present paper. The relative yield 
of Fr. 2. to Sub-Fr. 2 was about 
2~5 to 1 depending on the ma- 











600 500 400 300 mw terials, but after the alkali treat- 
Fig. 2. Absorption Spectra of DAB Polar Dyes Fr. 2 ment the ratio dropped to about 
and Sub-Fr. 2 in 2 N HC1-5022 alcohol. 10 to 1, mainly due to the great 
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decrease in the yield of Sub-Fr. 
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In some experiments, 3’-Me- 


instead of DAB. In these ex- Fig. 3. Elution Curve of 3’-Me-DAB Polar Dyes. 
periments, however, the crude polar dye was prepared only from the supernatant 
liver fraction (particulate fractions were used for the other purpose). The crude 3’- 
Me-DAB polar dye prepared in the ordinary way was subjected to the IRC-50 (H type) 
column chromatography. 50% and 60% alcohol was used for the elution of the polar 
dyes, and Fr. 1, Fr. 2, Sub-Fr. 2 were obtained similarly as in the case of DAB 
polar dyes (see Fig. 3). 

2. Alkali Treatment of Polar Dyes. In order to make the peptide side chain of the 
polar dye shorter, the enzymically prepared polar dye was often treated with alco- 
holic alkali. For this purpose the reaction condition used by Miller ef al. for the 
preparation of the polar dye was employed (5). The enzymically prepared polar dye 
or its mixture was heated under a reflux condenser at 80°C for 20 hours in a mixtue 
consisting of 4 parts of alcohol and 10 parts of 5 N KOH. After the treatment 
the polar dye was extracted with peroxide free ether, ether -alcohol mixture (5:1 
Table 1 Spectral characteristics of polar V/V). Extracts were combined and 

dyes derived from 3’-Me-DAB. evaporated under the reduced pressure. 
The residue was dissolved in 2 N HCl 


| Absorp. Max. (my) ; = 
ER ehe and subjected to the IRC-50 column 





Component Dk/Dq 
K-band | Q-band chromatography. 

Fr. 1 404 525 | Ca. 0.47 Due to the alkali treatment, a part 
2,2 104 526 0.45 of the polar dyes, especially of Sub-Fr. 
Sub-Fr. 2 404 526 0.49 2 appears to be greatly lost. Sometimes 
rr. 1% 395 516 .6 
we nn the absorption spectrum changed after 
Fr. 2% 404 526 0.49 Ri = 

__| 1 the alkali treatment. The polar dye 

Alkali polar dye 


prepared after the alkali treatment may 
be called alkali polar dye in this paper. Table 1 shows the spectral characteristics 
of polar dyes from 3’-Me-DAB. (See also Fig. 4-Fig. 8) 
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Fig. 8. Absorption Spectra of 3’-Me- 
DAB Alkali Polar Dye Fr. 2* 
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3. Reduction of Polar Dyes and Estimation of Aniline. The reductive cleavage 

of aminoazo dyes as well as polar dyes was carried out according to the method 
described by Miller ei al. (2). 


A proper amount of the polar dye corresponding to about 30-50 wg of aminoazo- 
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benzene dissolved in 10 ml of N HCl was put in a stoppered flask. After about 50 mg 
of tin dust was added, the flask was shaken for 30 minutes at room temperature. 
After the reduction was completed, 2m] of 10 N NaOH and a small amount of oct- 
adecylalcohol was added as an anti-foaming agent. The content of the flask was then 
subjected to steam distillation using the apparatus consisting of universal joint glass 
ware. The distillate which contained aniline was mixed with 5 ml of 0.2M phosphate 
buffer (pH 7.0) and then with 5ml 0.1% #-naphthoquinone-4-sulfonate-Na in 2M 
phosphate buffer (pH 7.0). 5ml of benzene was added last. After the content was 
shaken, it was gently centrifuged and the upper benzene layer was separated. The 
optical density of the benzene extract at 450 mz was measured by a Beckman spectro- 
photometer model DU using cuvettes of 1cm distance. The reaction taking place 


here are summarized in the following schema: 


ROTI are of u 上 Sn の a‘ ’ ” 0 ae, * 3 
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The second reaction was originally investigated by Böniger (6). 

4. Preparation of a Standard Curve for the Estimation of Aniline. Using a pure, 
freshly distilled aniline, chromatographically pure aminoazobenzene (AB) and methyl- 
aminoazobenzene (MAB) as the stand- 
ard substances, and using the same 05, 
procedure of the analysis described 
above, almost exactly the same stand- 


0.D 


ard curves were obtained, showing the 





satisfactory recovery of aniline from 0.2 ト 
aminoazo dyes (Fig. 9). 
As shown in Fig. 9, the optical den- 








sity of the benzene layer at 450 my is 01 02 03 04 05 06 07 

related to the amount of aniline in the / moles 

following formula : Fig. 9. Standard Curve for the Estimation 
O.D. of 0.760+0.04 corresponds to of Aniline. 


1 mole of aniline. 
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RESULTS AND DISCUSSION 


Molar Extinction Coefficients of Polar Dyes. From the measurement of the optical 
absorbance at 524my in 2 N HCI-50% alcohol and the concentration determination 
of polar dye solution by estimating aniline liberated from the polar dye, the molar 
extinction coefficients of the polar dyes Fr. 2 and Sub-Fr. 2 were obtained. The 


results are summarized in Table 2-a and 2-b. 


Table 2-a Determination of Molar Extinction Coefficients of Polar Dye Fr. 2. 


Concentration of polar | 


Extinction coefficient Molar extinction 


Exp. No. x ae と dye by the aniline nt 
of polar dye solution method (»M) coefficient 
1 0.314 6. 98 45, 000 
2 0.573 12. 4 46, 200 
3 0.573 12.6 45, 400 
4 0.573 12.4 46, 200 
Ave. 4.6 x10! 


Table 2-b Determination of Molar Extinction Coefficient of polar Dye Sub-Fr. 2. 


Concentration of polar 


Extinction coefficient Molar extinction 


Exp. No. z ag : | dye by the aniline “gare 
of polar dye solution method (1M) coefficient 
1 0. 224 5. 07 44, 200 


2 0. 224 1.93 46, 400 


Ave. 4.5x10! 


As shown in Table 2-a and 2-b, the molar extinction coefficients of polar dyes Fr. 
2 and Sub-Fr. 2 are 4.6x10' and 4.5x10' respectively. The values are about 30% 
higher than the value obtained by the isotope method. 3.2x10'! was obtained for 
the polar dye Fr. 2 by the isotope method (1). 

Questions may arise naturally as to the discrepancy between the two molar ex- 
tinction coefficients obtained by the different methods of the concentration determina- 
tion. As suggested by the preceding paper, the heterogeneity of the polar dye may 
give a clue to slove this discrepancy. The authors had assumed that there is no 
substitution in the aniline moiety of the polar dye according to the report by Miller 
et al, (2). This assumption, however, seems to be unreliable from the result of our 
recent study on the heterogeneity of Fr. 2 and Sub-Fr. 2. If the aniline moiety of 
a part of the polar dye is substituted, for example hydroxylated (prabably at the 
position 4’), the molar yield of aniline after the reduction of polar dyes does not 
correspond to the molar amount of the polar dye. Usually lower concentration may 
be concluded from the amount of aniline determined, thus making the molar extinction 


of the polar dye higher. 
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Paper Chromatography of Polar Dye Fr. 2 and Sub-Fr. 2. In order to clarify the 
heterogeneity of the polar dye Fr. 2 
and Sub-Fr. 2, paper chromatography 
was applied to them. Toyo filter paper 


Table 3. Paper Chromatography 


of DAB-Polar Dye. 


Relative*** 





5 51-A was used. Among various cay : si 
51 or o g Exp. No. | Sample Rf SS 
solvents examined, a mixture consist- ee 
6 5 1 rr, 2 0. 76 1 
ing of two parts of N acetic acid and ö 2 ‘ 
one part of alcohol appeared to be 2 Fr. 2 0.73 1 
most suitable. 0.62 1 
Using this alcoholic acetic acid solu- 3 Sub-Fr.2 | 0.74 5 
tion, two yellow spots were obtained 0.58 1 
with both Fr. 2 and Sub-Fr. 2 polar 4 Sub-Fr.2| 0.72 5 
0. 58 1 
dyes. The results are summarized in 
1lowi bl Table 3 5 Fr. 2 0.74 1 
the following table (Table 3). 0.59 15 
It is clear that polar dye Fr. 2 and ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー 
* alkali polar day 
Sub-Fr. 2 can be subfractionated by ** Toyo filter paper 51-A, alcohol: N acetic 
f h h に acid (1:2) mixture, room temperature, 10 to 
means of paper chromatography into ‘ik ania: ÄER 
two components, which, for the sake of *** measured by the absorbance at 400 am in 


water. 


convenience, may be referred to as Rf 

0.6 and Rf 0.7 components. In the enzymically prepared polar dye Fr. 2, the two 
components are contained in about equal amounts, but in the Sub-Fr. 2 the Rf 0.7 
component is much greater than the Rf 0.6 one. In the alkali treated polar dye the 
Rf 0.7 component decreased considerably. The Rf 0.7 component seems to be very 
labile against the alkali treatment. This may also explain why we often miss the 
Sub-Fr. 2 in the alkali treated polar dye chromatography using IRC-50. 

Absorption Spectra of Subcomponents of Polar Dye Fr. 2 and Sub-Fr. 2 separated 
Paperchromatographically。 After the paper was dried, parts of the yellow spots were 
cut off. The dye was eluted from the paper in hot water and filtered through a glass 
filter. The aqueous solution of the component thus obtained was made to 2N HC1- 
50% alcohol or/and 50% alkohol with appropriate amount of alcohol and hydrochloric 
acid. Absorption spectra were obtained by a Beckman model DU spectrophotometer. 

The Rf 0.6 component obtained from alkali polar dye Fr. 2 showed very sharp Q 
band (in 2N HC1-5022 alcohol), the max. of which is at 524my. The ratio of max. 
absorption of Q band to K band (at 400 my) was about 1: 0.45 (Fig. 10). The ab- 
sorption spectrum of Rf 0.7 component in 2N HC1-5022 alcohol was rather com- 
plicated. Sometimes two max. in Q band were observed, one having the max. at 540 my 
and the other at 500 my (Fig. 11). Apparently the Rf 0.7 component is still a mixture, 
consisting of at least two subcomponents. From the spectral observation, the sub- 


component having 540my max. adsorption seems to be a hydroxylated polar dye 
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0.15 
ーー 2 NHC1-50% alcohol 
ーーー 50% alcohol Rf 0.60 
0.10 0.10 F 
0.05 0.05 F 
| Rf 0.74 
601 200 600 500 400 300 20 
my my 
Fig. 10. Absorption Spectra of DAB Polar Fig. 11. Absorption Spectra of DAB 
Dye Fr. 2*, Rf 0.60. Alkali Polar Dye Fr. 2* Rf 0.60 and 


Rf 0.74 in 2 N HCI-50% alcohol. 


derivative. (7). A further study on the separation of these subcomponents is in 
progress using paper electrophoretic method. If the Rf component consisted of a 
hydroxylated derivative, one of the reduction products must be aminophenol. Amino- 
phenol can not be estimated by the aniline estimation method described above. This 
might at least partly explain the cause of the greater molar extinction coefficient of 
the Fr. 2 polar dye when determined by the method of aniline estimation. 


SUMMARY 


1. Apparent molar extinction coefficient of enzymically prepared polar dye Fr. 2 
was obtained by measuring the concentration of the polar dye by estimating aniline 
liberated from the polar dye after the reduction and by measuring the extinction 
coefficient at 524my in 2 N HC1-5022 alcohol solution. A value of ca. 4.5X10! was 
obtained for the polar dye Fr. 2. Almost the same value was obtained for the 
polar dye Sub-Fr. 2 enzymically prepared. The cause of the discrepancy in the 
apparent molar extinction coefficients of the polar dye obtained by two different 
methods, one by the aniline method described in this paper, and the other by the 
isotope method described in the previous paper, was discussed. 

2. By means of paper chromatography under the condition described in the paper, 
polar dye Fr. 2as well as Sub-Fr, 2 were further divided into at least two subcom- 
ponents having different Rf values, i.e. Rf 0.60 and Rf 0.74. 

3. Rf 0.60 component seemed to be rather stable against the alkali treatment and 
showed a very sharp absorption spectrum in 2 N HC1-50% alcohol solution, having 
a max. at 524 ma. Rf 0.74 component is rather unstable against the alkali treatment. 
This showed two absorption maxima in 2 N HC1-50% alcohol solution, at 540 mz 
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and at 500 my, suggesting the presence of at least two subcomponents. The sub- 
component having 540 my absorption max. seemed to be a hydroxylated derivative. 
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EXPERIMENTAL OSTEOGENIC SARCOMA: HISTOGENESIS 
OF OSTEOGENIC SARCOMA 
(Plates XXVI and XXVII) 


KENYA HORIE, MOTOO MAKITA and KAZUTO SATO 


(Tachikawa Hospital, Tachikawa) 


In the early stages of research on bone tumor importance was laid on clinical and 
X-ray findings in classification and diagnosis, however, pathological findings gradually 
began to be stressed increasingly. Histogenesis of bone tumor naturally became 
important, and therefore we produced osteogenic sarcoma experimentally and studied 
its histogenesis. 

Carcinogenic quality of radioactive substances has been known for many years and 
osteogenic sarcomas have been produced by using X-ray and radium. Martland! 
has reported a case of radioactivity of bone in a case of human osteogenic sarcoma. 
Sabin, Doan, and Eorkner?) have produced osteogenic sarcoma experimentally by use 
of radium and mesothorium. Recently osteogenic sarcoma developed by using P, Sr, 
and Ca radio-isotopes have been reported and there are reports by Koletsky, Bonte 
ane Friedell*’, Kuramitsu! and Takada®) of producing osteogenic sarcomas with P*. 
On the other hand methylcholanthrene, benzpyrene and others are known for their 
cancerogenic action and croton oil is known for its action in promoting carcinogenesis. 

Using P chiefly, alone or in combination with methylcholanthrene (Mc), bezpyrene 
(Bp) or croton oil (Cr), we produced osteogenic sarcomas, studied the differences in 
carcinogenic action of these substances and presented a hypothesis regarding the 
histogenesis of osteogenic sarcoma thus produced based on our histological studies. 


EXPERIMENTAL METHODS AND MATERIAL 


Experimental materials are shown in Table 1. P** was given intraperitoneally in 


Table 1. Experimental Material. doses of 1mc per kilogram of body 


= weight once monthly. Mc was ad- 

2 Dosage, No. of "I に IR 
Abbrev. |Administrations ministered into the bone marrow just 
SS once in doses of 15 mg. Equal amounts 
1 mc/kg of body 


1. Radio-isotope - < 
Rvs | ® weight 9-12 of Bp and 0.25cc doses of croton oil 
2. 20-Methyl- ® were given similarly. 
z r | Mc 15 mg I 

cholanthrene 

ren | As shown in table 2, in the com- 
zpyrene | Bp mo 4 bined groups after P3: was given 3 
4. Croton Oil Cr 0.25cc 1 times at monthly intervals, Mc, Bp 











Table 2. Method of Administration. 





Combinedly Administred Group | Singly Administred Group 








P 十 Mc group 'P+Bp group IP+Cr group| P group | MC group | Bp group | Cr group 














gps | <P NER | <P | +Mc lx +-Bp 1x Cr lx 
+ | | (15mg) (15mg) | (0.25cc) 
1 month | | 
| 1 
-P——| iP | lcP | jcP 
| | 
+P | leP «<P | lcp 
«Mc 1x +Bp 1x +Cr 1x - 
(15mg) | | (15mg) | (0. 25cc) 
«+P <P | |\¢+P +P 
<P | |<P <P +P | 
: を 7-12x | i<9-12x | :<9-12x | :<10-12x| : | 





Note: P was administered intraperitoneally : Mc, Bp and Cr was administered into bone marrow. 


and Cr were given just once, after which P*? was again continued monthly until 
sarcomas developed. In the singly administered groups, P was given monthly, while 
Mc, Bp and Cr were given just once at the start of the experiment. 

Experimental animals used were albino rats of Wistar strain, and as far as possible 


animals from same parents were used. 
EXPERIMENTAL RESULTS 


As shown in Tables 3 and 4, 30 out of 74 rats developed sarcomas. In general the 
carcinogenic rate was higher in the combined group than in the singly administered 
group. Especially the P+Mc and P+Bp groups showed high rates, 8 out of 14 rats 
in P 十 Mc group developing sarcomas. The average time required for the appearance 
of tumor in P 十 Mc group was the shortest being 9 months, the average of the com- 
bined groups being 10 months. Compared with the average growth rate of the 
combined groups, which is 1.5cm? per day, this group showed faster rate of 2.3 cm’ 
per day. 

Concerning metastases, in the combined groups pulmonary metastases were ob- 
served in 7 out of 22 rats. In the single groups, only one case of pulmonary metas- 
tasis in P group was seen. 

The location where the tumors developed in the majority of the cases in the com- 
bined groups was at the site of the injection of Mc, Bp and Cr into the bone. There 
are some which developed in other bones also. This probably is due to the carcino- 
genic action only of P?, 

The shortest duration between the appearance of the tumor grossly or radiographic- 
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Table 3. Results of Combined Group. 





| P+Mc group | P+Bp group P+Cr group | Total or Avg. 
Number of | 14 12 19 15 
animals 
Sarcomas 8 7 7 22 
developed (1,5,18,19, 25) (30, 32, 33, 48, ) (8, 10, 15, 21, ) 

| (26,27,184. ) (49, 36, 51. ) (23.37,40. ) 
Cancerogenic | 57% 58% 36% 48% 
rate 
Sarcomas deve- 7 (50%) 5 (41%) 6 (31%) 18(40%) 
loped at site of | (5,18, 19, 25, ) (30, 32, 33, 48, ) (8, 10, 15, 21, ) 
administration (26, 27, 184, ) (51. ) (37, 40. ) 
(Rate) 
No. developed 2 2 3 7 


in other bones 1, Rt. hind leg 49, Rt. hind leg 10, Rt. hind leg 
25, Rt. fore leg 50, Rt. hind leg 15, Lt. fore leg 
23, Rt. hind leg 


Duration (in 9 10 11 10 
mo.) until ap- | 

pearance of | (shortest 7mo,) (shortest 9mo,) (shortest 9mo,) 

tumor | 

Tumor growth 2.3 cm?/day 1.4 cm?/day 0. 8 cm?/day 1.5 cm?/day 
rate 

Pulmonary me- | 2 (25%) 1(14%) 4 (579%) 7 (31%) 
tastasis (rate) 2:55) (50) (10, 15, 21, 40. ) 

P* total dosage 2.2 mc 2. 1 mc 2.0 mc 2. 1 mc 


Note: Figures in parentheses denote number of experimental animals, when not indicated otherwise. 


Table 4. Results of Single Group. 


P group | Mc group Bp group Cr group fig - 
| g. 
Number of animals 15 3 6 5 29 
Sarcomas developed 3 2 3 0 8 
(165, 214, 217) (107, 108) (111, 112, 116) 

Cancerogenic rate 20% 66% 50% 0 27% 
No. develop ed at 
site of administra- 2 3 0 5 
tion 
No. developed in 
other bones 0 0 0 
Duration (in mo.) 
until appearance of 10.3 9.5 9.6 
tumor (10, 10, 11) (12. 7) (9, 9, 11) 9.8 
Pulmonary meta- 1 1 
stasis (165) 


Note: Figures a neventiohees dentin onan ne experimental animals or number of month 
ally and the death of the animal was 15 days, the longest 53 days, and the average 
24 days. The average total dosage of P3* used in the cases which developed sarcoma 


was 2.1 mc in the combined groups. 
The general condition of the animals which developed tomor is as follows: loss of 
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appetite, decrease of fatty tissue, listlessness, thin lusterless fur, anemia, nose bleed- 
ing, etc. In the terminal stage they become cachectic. 

Grossly the tumors are large and unevenly round, having diameters of 8 to 9cm. 
On palpation, some have hardness of bone, others softness of flesh, but many have 
varying amounts of both hard and soft portions within the same tumor. In the 
terminal stage the skin covering the tumor often shows loss of fur and formation of 
ulcers. On examining the tumor dissected free of the overlying skin, (Figure 1) the 
sclerotic tumor is grayish white, elastic and massive, and on attempting to slice the 
tumor only part of the outter wall can be cut and the inner layer close to the bone 
proper cannot be cut. In other words, intense osteoplasia has occurred in this inner 
portion in many cases. The soft tumor is grayish light brown, massive and foci of 
necrosis and hemorrage are often intermingled. In this case osteoplasia cannot be 
distinguished macroscopically. Generally the bone marrow and the perisosteum are 
engulfed in the tumor tissue and are not clearly distinguishable. 

The X-ray findings are variable, being similar to macroscopic findings. The hard 
sarcoma, indicating strong osteoplasia, as aforementioned, and centering around the 
original bone, reveals radiopaque sclerosis (Figure 2). Sarcomas showing this type 
of radiographic shadow are relatively slow growing and also, as will be mentioned 
later, are made up cells most of which are histologically nearly matured. On the 
other hand there are some which are quite radiolucent and do not show sclerosis. 
In this type of tumor the growth is rapid and they often develop large soft tumors. 
Histologically most of these are anaplastic sarcomas, and sometimes show structures 
of spindle cell sarcoma or fibrosarcomas. However, most cases are intermediates 
between these radiopaque and radiolucent type and show some degree of calcification 


or ossification. 
HISTOPATHOLOGICAL FINDINGS OF THE TUMOR 


As shown in Table 5, most of the tumors in the combined and single groups are 
osteogenic sarcomas. Others are anaplastic sarcoma, fibrosarcoma, reticulosarcoma, 
etc. Often areas which appear histologically as fibrosarcoma and spindle cell sarcoma 
are seen, however, if a large preparation of the whole tumor is made and carefully 
examined osteogenic sarcomatous pattern can usually be seen in some parts. 

While examining the histology of this experimental osteogenic sarcoma, an inquiry 
into its histogenesis was made. 

As shown in Figure 3, the newly formed bone of the sarcoma is seen in close re- 
lation to the original tibia. The formation of the new bone can be seen as so-called 
** spicules ’’ on the outter side of the original bone. These spicules develop radiating 
out at right angles to the long axis of the original bone. Aside from this reactive 


bone formation, considerable osteoplasia by tumor cells can be seen around it. On 
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Table 5. Pathological Diagnoses of Bone Tumor. 


ie? | 
Combined Group | Single Group 


P 十 Mc P+Bp P 十 Cr _ | Total P Mc Bp Cr Total 

Osteogenic 4 5 6 15 3 
sarcoma (1, 5, 25, | (32, 33, 49, ) | (8, 10, 15, ) (165, 214, ) 

184) (50, 51. ) |(21, 23, 40) (217, ) 
Fibro- 2 2 4 3 3 
sarcoma (19, 26) (30, 48) (111,112, ) 
Ewing’s 1 1 (116. ) 
sarcoma (27) 
Reticulo- 1 1 
sarcoma (37) 
Others* 1 1 2 2 

(18) (107, 108) 
Immature sarcoma, lease, and polymorphic cell sarcoma, 2 cases. 

Note: Figures in parentheses denote number of experimental animals 


examining this new bone formation and sarcoma cells, in most cases where there is 
much osteoplasia, the cells are decreased in number and the shape of the cells are 
mostly elongated and cannot be differentiated from fibroblasts. The active osteoblasts 
are not seen. Furthermore, there are cells which behave like the osteocytes embed- 
ded in the bone matrix. Also in the osteoplastic areas collagen fibers and fibroblasts 
increase and the differentiation between these cells and tumor cells become difficult. 
On the other hand intermingled with these osteoplastic areas, histologically osteolytic 
areas are often noted. In these areas tumor cells are in groups and the cells are 
close together. These cells are rich in chromatin, have cytoplasm which is slightly 
basophilic and are more prolific than the former. 

The fact has been mentioned that in the periphery of this experimental tumor, 
osteoplasia is not seen to any great extent. Then what are the cells which are seen 
in this peripheral area? As shown in Figure 4, in this area closely packed clusters 
of cells are often observed. The cells, not having tissue structure, may be seen as 
diffuse cell groups on one hand, and on the other hand many of them are arranged 
in lobules or wide funiculi and are somewhat atypical, vary in size, and may be round 
or oval in shape. The cytoplasm is poor and is slightly basophilic. The nucleus is 
almost naked and is rich in chromatin and the nuclear membrane is clearly discern- 
ible. Occasionally cells containing giant nuclei and mitotic figures are observed in 
these cell groups. Loose connective tissue surrounds these cell clusters and forms 
pseudo-lobules. Often formation of blood sinuses from this connective tissue and 
littoral arrangement of the endothelial cells can be seen. This tissue structure cen- 
tering around the cell groups can be considered as one of the most primitive pattern 
of these osteogenic sarcomas. Many transitional tissue patterns are noted between 


this tissue structure and the structure of the completed bone formation mentioned 
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previously. In other words, if the stages of bone formation of these tumors are 
followed, at first light eosin staining hyaline substance begins to be deposited in small 
amount around the center of the primitive cell groups, as shown in Figure 5. Gradu- 
ally this substance develops into bone or osteoid tissue. Along with this, cytoplasm 
of the cells becomes rich and cells become similar in appearance to osteoblasts. 
Further the intercellular spaces become a little more loosened. In places the cells 
become more atypical at this stage and variation in size becomes more noticeable 
(Figure 6). However, this period is the height of hypertrophy and hyperplasia of the 
tumor cells, and thereafter the cells decrease in size and become indistinguishable 
from fibroblasts and fibrocytes, and osteoplasia is completed. At times some of the 
cells become embedded in the bone matrix. Besides the hyperplasia of bone and 
fibers, chondroid tissue formation can be observed. However, it differs from chon- 
drosarcoma as there is no hyperplasia of cartilage cells and as this chondroid struc- 


ture finally changes into bone. 
COMMENTS 


There are many factors in development of osteogenic sarcoma. X-ray, radium and 
other radioactive substances are known as carcinogenic agents. Recently experimental 
osteogenic sarcoma developed by use of P, Ca, Sr and other radioisotopes has been 


reported. 
On the other hand the production of osteogenic sarcoma by using singly Mc, Bp 
and others is considered to be difficult (Bernard®), Ifleld”)). Only Brunschwig's! 


report on developing osteogenic sarcoma by using Bp and fibrosarcoma by using Mc 
is noted. 

In our experiments using P*’ which has radioactive carcinogenic action and which 
has affinity for the bone as the principal agent, administered Mc and Bp to rats to 
which P** had been given previously. Using two groups of P**+Mc or Bp, and a 
third group of P**+Cr, as combined groups, we compared the two and at the same 
time administered these substances singly and performed carcinogenic experiments. 

As a result, P+ Mc and P+Bp groups not only showed higher rates of carcinogenesis 
but also showed faster rate of growth of the tumors and higher degree of anaplasia 
histologically when compared with P single group or P+Cr combined group. Especially 
in the P+Mc group these characteristics were prominent. This fact indicates that 
osteogenic sarcomas can be developed readily, if used in combination with P**, even 
with such substances as Mc and Bp whose cancerogenic action in production of 
osteogenic sarcoma is extremely weak. That is to say, these chemical cancerogenic 
substances increase the osteosarcogenic action of P*’. 

Cr, which is said to have promoting action in carcinogenesis, when used in com- 


bination with P does not seem to enhance the cancerogenic action of P**. 
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The histogenesis of the tumor thus produced was then pursued. The question of 
collagen fiber and cartilage in the development of bone matrix always becomes an 
issue. 

The matrix of the bone has collagen fibers as its basic tissue element, and the 
embryonic skeleton, in the process of its formation, passes through the stage of 
embryonic cartilaginous skeleton. Furthermore, fibrous ossification and endochondrial 
ossification can be seen postnatally. Thus the relation of ossification to cartilage 
and collagen fiber is extremely intimate. This in turn indicates the close relation 
of osteogenic sarcoma to fibrosarcoma and chondrosarcoma. 

Historically the registry of bone sarcoma in its classification of 1932 defined oste- 
ogenic sarcoma as ““a sarcoma derived from tissue presumably intended to form 
bone,’’ and does not separate chondrosarcoma and fibrosarcoma from it. However, 
in the classification of 1939 chondrosarcoma was separated from osteogenic sarcoma 
and was considered as a separate disease. Gesckickter and Copeland in 1931 divided 
the bone tumors into two large classes, one class of tumors related to osteogenesis, 
the other of non-osseous origin. Fibrosarcoma was placed in the latter group. In 
the classification of 1949%, the osteogenic sarcoma of the former classification was 
separated into 3 groups, osseous, cartilaginous, and fesorptive, detaching chondro- 
sarcoma from osseous group as a separate disease. Jaffe!® and Lichtenstein" has 
separated fibrosarcoma from osteogenic sarcoma and @démsidered it as a separate 
disease. A primary malignant fibroblastic tumor which does not exhibit tendency to 
form bone or osteoid tissue is considered by them as @ fibrosarcoma of osseous origin. 
Generally osteogenic sarcoma is closely related to fibrogenesis and chondrogenesis, 
but chondrosarcoma is considered as a separate sarcoma of cartilaginous origin, the 
chief pathological pattern of which is the proliferation of immature cartilaginous 
cells, and concerning fibrosarcoma, the separation of osteogenic fibrosarcoma as a 
separate disease is supported by Jaffe and Lichtenstein. 

What then is the relation of bone, cartilage and fibers of our experimental sarcom ? 
Osteogenic sarcomas developed mostly by the method of our experiments, with some 
fibrosarcoma being noted but chondrosarcomas were not seen. However, in the oste- 
ogenic sarcoma chondroid tissue structure, though temporary, was observed, but in 
the end it ossified. We did not observe proliferation of cartilage tissue as seen in 
chondrosarcoma. The principal pathological pattern of chondrosarcoma is the pro- 
liferation of cartilage from cartilage cells and it also differs clinically in many res- 
pects from osteogenic sarcoma, therefore it should be considered as a separate 
disease. 

In this experiment a few cases of fibroplastic sarcomas which were thought to have 
Originated from the bone were observed. In other words, the existence of osteogenic 


fibrosarcoma as defined by Jaffe and Lichtenstein is recognized, but in some of them 
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the main pathological structure is anaplastic cells which show only weak fibrosis, 
and to assert that these tumors will not form osteoid or bone tissue later is open to 
question. Ina transplantation experiment conducted separately, this anaplastic fibro- 
sarcoma at some period in transplantation changed into osteogenic sarcoma. The 
differentiation of this anaplastic tumor from the osteogenic sarcoma is dfficult and 
must be done especially carefully. 

On observing the process of development of this experimental osteogenic sarcoma 
from immature to mature stages, the immature tumor tissue is seen in the periphery 
of the tumor. Here the cells have relatively small amount of cytoplasm and nearly 
naked nuclei, and are slightly atypical and extremely immature, and are closely 
related to blood vessels, When the cytoplasm of these immature cells increase and 
cells bigin to mature, the formation of bone matrix in the intercellular substance by 
the tumor cells is thought to take place. At this stage the alkaline phosphatase 
becomes positive. With completion of bone formation these cells atrophy and some 
of them become embedded in the newly formed bone. These cells bear resemblance 
functionally to the cells of embryonic perichondrium mentioned by Hirayama’), 

As mentioned above, stages of immatuarity to maturity can be observed in one 
and the same tumor. It can be said that this co-existence of immature and mature 
tumor cells within the same tumor is one of the characteristic features of osteogenic 
sarcoma. Geschichter and Copeland have described a clinical case in human in which 
immature and mature cells co-existed as seen in our experimental tumors. 


SUMMARY 


1. By using P*’, methylcholanthrene, benzpyrene and croton oil, osteogenic sarcoma 
was produced in albino rats and comments were made on its histogenesis. 

2. Of the combined groups, especially the P*? and methylcholanthrene group and 
P*? and benzpyrene group showed high rate of production of osteogenic sarcoma. In 
other words methylcholanthrene and benzpyrene enhanced the carcinogenic action of 
P**, but croton oil did not promote the carcinogenic action of P**. 

3. In 18 out of 30 cases tumors produced were osteogenic sarcomas, being over 
majority, and 7 cases were fibrosarcomas. Chrondrosarcoma was not seen. 

4, In studying the process of development of immature osteogenic sarcoma cells 
into mature sarcoma cells, it was noted that the immature cells frequently arrange 
themselves in lobules or funiculi. The closely packed immature cells gradually hy- 
pertrophy and become more basophilic and atypical, and at the same time the inter- 
cellular spaces increase and hyaline substance is deposited. This substance finally 
becomes osteoid tissue and bone. With completion of ossification, the cells atrophy 


and some of them are embedded in the bone matrix. 
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EXPLANATION OF FIGURES (Plates XXVI and XXVII) 


Fig. 1. An example of experimental osteogenic sarcoma developed in the hind leg of a rat, 
dissected free of the overlying skin. 

Fig. 2. Roentgenogram showing the radiopaque sclerosis of the tumor, indicating intense oste- 
oplasia on the right hind leg. 

Fig. 3. Photomicrograph showing the cortex of the original bone in the center and, to the left, 
“spicules’’ of the newly formed bone of the sarcoma radiating out at right angle to the cortex. 

Fig. 4. Photomicrogragh of the periphery of the tumor showing closely packed clusters of cells 
forming pseudo-lobules. 

Fig. 5. Photomicrograph showing the beginning of deposition of hyaline substance around the 
center of the primitive cell groups. 

Fig. 6. Photomicrograph showing atypical cells, variation in size of the cells, increase of 


intercellular spaces and bone formation. 
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FURTHER ANALYTICAL STUDIES ON ONCOTREPHIN, THE 
MITOSIS PROMOTING SUBSTANCE IN MALIGNANT TUMORS : 
INFLUENCES OF PROTEOLYTIC ENZYMES AND ACID- 
HYDROLYSIS UPON EFFECTIVE SUBSTANCE FROM 
HUMAN HEPATOMA PRECIPITATED BY ETHANOL* 


GORO KOSAKI, EITARO ITO, TAIZIRO MATUSIMA 
and MASARU KURU 
(From the Surgical Clinic and the Institute for Cancer Research, 


Osaka University Medical School) 


Oncotrephin, the mitosis promoting substance originally isolated from human semi- 
nomas and sarcomas!'-?), has been found in rat ascites hepatoma?)-*). In the previous 
report®), this substance was analysed electrophoretically and the effective substance 
was demonstrated in certain specific fractions. These fractions, characterized by 
their faint orange-yellow colour, were distinguishable from other fractions by their 
high protein content. The bulk of the protein in these fractions moved a little slower 
than 3-globulin of human serum on paper electrophoresis at pH 8.6. In the present 
study the influence of proteolysis and of acid-hydrolysis was investigated. 


MATERIALS AND METHODS 


Preparation of Materials. As a source of oncotrephin, a human hepatoma ob- 
tained by operation, weighing 1.3 kg, was used. Fraction S,, which had been shown 
to promote both mitosis of mouse pinna epidermis and propagation of strain L cells, 
was prepared as described in detail in the previous papers (Matuda, Hukui, Aoki, 
Kösaki, and Kuru®; Itö, Matuda, Kösaki and Kuru‘). 

In the present study, however, instead of the whole of fraction S,, which was 
precipitated at 30-70 volume percent of ethanol, 2 subfractions, namely, fraction S,’ 
and fraction S,’’ were prepared. Fraction S,’ was precipitated at 30-50 volume per- 
cent and fraction S。 at 50-70 volume percent of ethanol. As shown later, fraction 
S。 had more activity than fraction S,’’. Therefore, only fraction S。 was used in 
the present study. 

Proteolytic treatment with trypsin. Fraction S。 was dissolved in M/60 phosphate 
buffer (pH 7.0) at a concentration of 1 mg/ml and heated for 30 minutes at 100°C. 
This preparation was then divided into two portions. To one, trypsin (Difco pre- 


“A part of research expenses was paid by the Scientific Research Fund of the Ministry of 


Education of Japan and by the grant from Japan Cancer Society. 
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paration; 1: 250) was added at a concentration of 0.2mg/ml. No trypsin was added 
to the other, which served as control. After sterilization by passage through a 
membrane filter, both preparations were incubated for 24 hours at 37°C and then 
the trypsin was inactivated by heating the preparations for 3 minutes at 100°C. 
Varying concentrations of these two preparations were added to the culture medium, 
and their effect upon the propagation of strain L cells was compared. As a further 
control, the effect of trypsin alone upon strain L cells was examined. For this, 
trypsin was dissolved in the same buffer at a concentration of 0.2 mg/ml and after 
filtration, the solution was incubated for 24 hours, inactivated by heating for 3 
minutes at 100°C and then added to the culture medium at the same concentrations 
as used for the experimental preparation. 

Proteolytic treatment with pronase. Fraction S。 was dissolved in M/60 phosphate 
buffer (pH 8.0) at a concentration of 1 mg/ml and divided into two portions. To one, 
pronase°) (the protease of Streptomyces griseus; supplied by the Kaken Chemical 
Co.; 30000 p.u.p./g) was added at a concentration of 0.2mg/ml. The other portion, 
without added pronase, served as control. Both were sterilized by passage through 
a membrane filter and incubated for 24 hours at 37°C. Then both were heated for 
3 minutes at 100°C, and at various concentrations added to the culture medium, to 
compare their effects upon the propagation of strain L cells. As a further control, 
pronase alone was dissolved at the same concentration in the same buffer solution, 
incubated for 24 hours, and after inactivation, added to the culture medium. 

In the experiments with both trypsin and pronase, the extent of proteolysis was 
measured by ninhydrin colorimetry”. 

Acid-hydrolysis. Fraction S。 was hydrolysed with the distilled 6N-HC1 in a sealed 
tube for 24 hours at 120°C. The resulting hydrolysate was repeatedly concentrated 
to dryness on a water-bath to remove the HCl. The solution was then neutralized 
with NaOH and added to the culture medium. 

Tissue culture. A simplified replicate tissue culture method was employed using 
strain L cells, as described in the previous reports?)®)-5. The same amount of cell 
suspension in standard culture medium was poured into a number of tubes and after 
incubating for 24 hours the tubes were divided into individual experimental groups. 
To each culture, test material was added. This time was taken as the beginning 
of the cultural period and the growth occurring during the following week was 
compared. 


RESULTS 


The effect of subfractions S。 and S,’’. The effect of subfraction S,’, precipitated 
at 30-50 volume percent of ethanol, and of S,’’, precipitated at 50-70 volume percent 
of ethanol, were compared. At a final concentration of 0.002-0.0004 mgN/ml, S,’ 


410 

















# 
# 
100+ 
P 
= Sr 
る 
3 10 ト 
= 4 
‘ ク 
る 〆 
= sy 
= ー ア 
1 i 上 
0 2 4 7 
Days of incubation 
ーー Control 
conse S。 precipitate at 30-50 % of ethanol 
(0.002m g/ml *) 


% of ethanol 


S%, precipitate at 50-70 
(0.002mg/ml *) 


*Final concentration of test material 
added to the culture medium, in mg N. 





Fig. 1. Effect of fraction S’, and S,’’. 
100 
= 
x 50 
3 
& 
2 
2 10 
= 58 
3 
5 
Zz 
L 1 1 








0 2 4 7 
Days of incubation 
ーー Control 
S;, stored at —20°C for 24 hrs. (0.01mg/ml *) 


ーー S5 。imcubated at 37°C for 24 hrs. (0.01mg/ml *) 
, incubated with Pronase at 37°C for 24 hrs. 
(0.01mg/ml *) 
---- Pronase, incubated at 37°C for 24 hrs. 
*Final concentration of test material 
added to the culture medium, in mg N. 
Fig. 3. Effect of fraction S。 treated 
with Pronase. 


Gy 


411 





Number of cell nuclei per tube (X10*) 





1 1 fi 


0 2 4 7 


Days of incubation 





ーー Control 
---- 5%;, stored at —20 °C for 


ーー Hydrolysed S’, 


4 days (0.002mg/ml *) 
(0.002mg/ml *) 


*Final concentration of test material 
added to the culture medium, in mg N. 


Fig. 2. Effect of hydrolysed fraction S,’. 


100F 





Number of cell nuclei per tube (x 10*) 





72 of 


0 2 4 7 


Days of incubation 


に 





・Control 
---- : 5S)’, stored at —20°C for 24 hrs. (0.002mg/ ml* ) 
- 1S), incubated at 37°C for 24 hrs. (0.002mg/ml*) 
: S4, incubated with Trypsin at 37°C for 
24 hrs. (0.002mg/ml*) 
: Trypsin, incubated at 37°C for 24 hrs. 


*Final concentration of test material 
added to the culture medium, in mg N. 


Fig. 4. Effect of fraction S。 treated 
with Trypsin. 








was shown to stimulate the growth of strain L cells markedly. The effect of S。/ 
was less conspicuous than that of S,’ (Fig. 1). 

Influence of acid-hydrolysis. Acid-hydrolysed S,’ had no effect upon strain L 
cells at a final concentration of 0.01-0.0004 mgN/ml (Fig. 2), while at the same con- 
centration an aqueous solution of S,’ which had been stored in the deep freeze for 
4 days, and which served as control stimulated the growth. 

Influence of pronase. An aqueous solution of S。 after treatment with pronase no 
longer promoted the propagation of strain L cells, while the control S,’ solution 
either after storage in the deep freeze or after incubation at 37°C for 24 hours, had 
a marked effect. Pronase alone did not affect strain L cell propagation (Fig. 3). 
This experiment was repeated twice with the same results. 

Influence of trypsin. In this experiment the effect of S。 solution after incubation 
at 37°C for 24 hours was a little less than that after its storage in the deep freeze. 

S。 solution treated with trypsin was equally effective to that incubated for the 
same duration without adding trypsin and trypsin alone showed no stimulatory effect 
upon strain L cells (Fig. 4). 

This experiment was repeated twice with the same results. 


DISCUSSION 


In previous investigations we have found that oncotrephin seems to be a nondialys- 
able substance of high molecular weight. It may be related to protein, since it was 
present in fractions which migrated with a velocity similar to that of $-globulin of 
human serum on paper-electrophoresis at pH 8.6. However, it was not destroyed by 
heat treatment at 100°C for 30 minutes. 

In the present study, the effect of hydrolysis by HCl, and proteolysis by pronase 
and trypsin on the activity of fraction S。 was studied. Both acid-hydrolysis and 
proteolysis with pronase completely abolished the stimulatory effect of fraction S,’ 
upon strain L cell propagation. However proteolysis with trypsin was without effect. 
Pronase is a proteolytic enzyme produced by Streptomyces griseus and shows an 
extremely wide substrate specificity. Eighty percent of peptide bonds are said to 
be split by this enzyme. Therefore, it is supposed that the effective substance(s) in 
fraction S,’ is inactivated, if all or most of its peptide bonds are split. 

On the other hand, trypsin is known to have only a limited effect on proteins, 
even if they are first heat-denatured, for it has a specific affinity for arginine and 
lysine residues. Certain enzymes, (e.g. esterase, amidase and transpeptidase) are 
said to be present in commercial preparation of trypsin. Therefore if the possibility 
could be excluded that these might have some influence upon fraction S,’ resulting 
in an increase in its stimulatory effect on L cell propagation, the effect of trypsin 
treated fraction S。 needs another explanation. It is possible, for instance, that the 
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more specific affinity of trypsin for substrate may spare certain specific peptides 
from decomposition. If this is so, some kind(s) of peptide in the S,’ fraction 
may be the minimal unit which promotes the propagation of strain L cells. Purifi- 
cation of oncotrephin is in progress based on this line of reasoning. 


CONCLUSIONS 


1) Oncotrephin is present in human hepatoma. 

2) The fraction which is precipitated from a crude extract of human hepatoma 
at 30-50 volume percent of ethanol (S,’) is more effective for the propagation of strain 
L cells than the fraction which is precipitated at 50-70 volume percent of ethanol 
=. 

3) On acid-hydrolysis or treatment with pronase, the stimulatory effect of fraction 
S。 upon strain L cell propagation is abolished. 

4) Trypsin treatment does not affect the activity of fraction S,’. 
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